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INTRODUCTION

We have completed a study of the associations between c-erbB-2 protein
overexpression and p53 protein accumulation in benign breast tissue and the risk of
subsequent breast cancer (1). The study was conducted as a case-control study
nested within the cohort of 4888 women in the National Breast Screening Study of
Canada (NBSS) who were diagnosed with benign breast disease and underwent active
follow-up. Case subjects were the women who subsequently developed breast cancer
(ductal carcinoma in situ (DCIS) or invasive carcinoma). Control subjects were matched
to each case subject by NBSS study arm, screening center, year of birth, and age at
diagnosis of benign breast disease. Histologic sections of benign and cancerous breast
tissues were analyzed immunohistochemically. Information on potential confounding
factors was obtained by use of a self-administered lifestyle questionnaire completed at
the time of enrolment. Accumulation of p53 protein was associated with an increased
risk of progression to breast cancer (adjusted odds ratio (OR) = 2.55; 95% confidence
interval (Cl) = 1.01-6.40), whereas c-erbB-2 protein overexpression was not (adjusted
OR =0.65; 95% CIl = 0.27-1.53). The findings for c-erbB-2 and p53 did not differ among
stratas defined by menopausal status, allocation within the NBSS, history of breast
disease, and whether the benign breast disease was detected at a scheduled screen or
between screens. The results were also similar after exclusion of case subjects whose
diagnosis of breast cancer occurred within 1 year of their diagnosis of benign breast
disease and after exclusion of subjects with DCIS. In summary, p53 protein
accumulation, but not c-erbB-2 protein overexpression, appeared to be associated with
an increased risk of progression to breast cancer in women with benign breast disease..

The purpose of this project is threefold. Specifically, we are:

(1) collecting paraffin-embedded benign breast tissue from the remaining 4,336 cohort
members who are not part of the case-control study. This will establish a bank of
paraffin-embedded tissue for a cohort of women on whom there is extensive
documentation of risk factor information. With further follow-up of the cohort, it will be
possible to enlarge the above described case-control study, and to undertake additional
studies of newly identified molecular markers of risk of progression to breast cancer.

(2) enlarging our recently completed case-control study of p53 with an additional 63
cases (and 5 matched controls per case) which were identified as a result of a linkage
of the NBSS database to the Canadian Cancer Database. We propose to examine
biopsies from these subjects for evidence of c-erbB-2 overexpression and p53 protein
accumulation. Addition of these cases and controls to the previous study will increase
its statistical power. As well, we will examine the tissue for the presence of p53
mutations in this group of women.

(3) examining whether cyclin D1 amplification and/or protein overexpression determined
immmunohistochemically is a molecular marker of risk of progression from BBD to
breast cancer in the enlarged case-control study. We hypothesize that cyclin D1
overexpression in benign breast disease is associated with increased risk of
progression to breast cancer.




Epithelial cancers appear to be the result of an accumulation of multiple genetic
events (2-4). Multiple molecular markers are being examined, since progression to
cancer probably results from the accumulation of several genetic events (5). To date, in
relation to breast cancer, cyclin D1 and c-erbB-2 overexpression, and p53 mutations are
amongst the more frequent genetic changes detected. While cyclin D1, c-erbB-2, and
p53 appear to play an important part in mammary carcinogenesis, their precise role in
this process is unclear. For example, it is unclear whether they are involved in the
initiation of transformation or at a subsequent stage, or whether they are just indicators
of increased risk of developing breast cancer as they may be markers of genetic
instability. Further study will be required to determine their contributions.




BODY

(1) STUDY DESIGN:

Our study uses paraffin-embedded breast tissues, which have been obtained
from the cohort of women enrolled within the National Breast Screening Study (NBSS)
and who received a diagnosis of benign breast disease during the active follow-up
phase of the study. In the ensuing paragraphs, we describe the NBSS first, and then
present details of the collection of paraffin blocks and subsequent investigations.

(a) The National Breast Screening Study: The NBSS is a multi-center randomized
controlled trial of screening for breast cancer in Canadian women aged 40 to 59 at
recruitment (6,7). The study involves 89,835 women who were recruited at 15 screening
centers across Canada. Recruitment commenced in 1980 and ended in 1985. Women
were eligible to participate in the study if they had no history of breast cancer, were not
currently pregnant, and had not had a mammogram in the preceding 12 months.

Women aged 40-49 years were randomized either to have annual
mammography plus physical examination, or to have initial physical examination only,
and women in both the intervention and the control group were taught breast self-
examination. Randomization in the 50-59 year age group was either to annual
mammography plus physical examination, or to annual physical examination alone
(women in this arm of the 50-59 year age group were also taught breast self-
examination).

(i) Diagnosis of BBD and breast cancer in the NBSS: At each visit, study
participants had a physical examination. For those who were randomized to the
intervention group, physical examination was followed by mammography, the films from
which were read by a study radiologist who was unaware of the physical examination
results. If the examiner or the radiologist reported an abnormality requiring further
assessment, a referral was made to a review clinic where the participant was seen by a
study surgeon. If, on review, a recommendation was made for biopsy, this
recommendation was conveyed to the participant's family physician, and the participant
was contacted and asked to visit her family physician for further management.

Women in both control groups were referred for mammography if either they or
their primary care physician discovered an abnormality for which referral was warranted.
Staff in each screening center identified the pathology laboratory in which biopsies were
examined, and they obtained slides or blocks for review by a locally designated
reference pathologist. Results of the histological review of the biopsies were forwarded
to the coordinating center.

(ii) Follow-up in the NBSS: Active follow-up continued until 1988. During this phase of
the NBSS (when the study participants underwent the screening schedule
corresponding to their allocation, as described in (a) above), there was in each study
center a coordinator (usually a nurse) who had experience in clinic or study
management. The coordinators were responsible for ascertaining whether the
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recommended diagnostic procedures had been carried out and for collecting reports of
the surgical and pathological procedures from the institutions where they had been
performed. Procedures performed independently of the screening process were
identified through annual questionnaires sent to study subjects, and reports of these
procedures were then obtained from the relevant institutions. Study records for women
who moved out of their original area were transferred to the center nearest their new
residence. Following completion of their screening schedule, direct follow-up stopped
for those with no diagnosis of breast cancer. However, until 1988-1990 (depending
upon the province) information about new diagnoses of breast cancer was obtained by
linkage with the provincial cancer registries (cancer is registered in each province in
Canada, and, for Ontario at least, registration is essentially complete (8)).
Subsequently, new diagnoses of cancer will be ascertained by linkage to the Canadian
Cancer Database, which is operated by the Canadian Center for Health Information at
Statistics Canada, and consists of registration data reported annually by the provincial
registries. A linkage yielding incidence data to the end of 1993 was completed recently,
and we propose that another linkage take place in mid 2000 to yield a further four to five
years of follow-up data.

(b) Description of the cohort: The immunohistochemical and molecular investigation
currently underway is being undertaken within the cohort of 4,888 women within the
NBSS who received a histopathologic diagnosis of BBD during the active follow-up
phase of the NBSS. In order to reduce costs substantially while having relatively little
impact on the precision of the estimates of association (9), the study is being conducted
as a case-control study nested within this cohort. Cases are women who subsequently
developed breast cancer, while controls are women who had not developed breast
cancer by the date of diagnosis of the corresponding case. Five controls were selected
for each case, and they are matched to the corresponding case on study arm within the
NBSS, screening center, year of birth, and age at diagnosis of BBD.

(i) Case definition: Cases are women with a history of BBD detected during the course
of the NBSS who subsequently developed breast cancer. By this definition, 92 cases
were identified by previous linkages. We collected the benign tissue from 74 cases. As
described below, as a result of the linkage to the 1993 database, we have identified 63
additional cases.

(ii) Definition of controls: Controls are women who had not developed breast cancer
by (but were alive at) the date of diagnosis of the corresponding case (they will, of
course, have a diagnosis of BBD). Since there are no estimates of the likely magnitude
of the effects of interest on risk of progression from BBD to breast cancer, we select 5
controls for each case in order to maximize statistical power. Controis are matched to
cases on study arm within the NBSS, screening center, year of birth, and age at
diagnosis of BBD (and implicitly on the interval between diagnosis of BBD and the date
of diagnosis of breast cancer in the corresponding case). These matching criteria are
chosen either because the factors of interest are related to breast cancer risk (age, and
possibly age at diagnosis of BBD) or because they are related to the risk of disease
detection (allocation and screening centre). It is also conceivable that at least some of
these factors are related to the exposures of interest. However, it should be noted that




little is known about the "epidemiological" correlates of cyclin D1 and c-erbB-2
overexpression, and p53 protein accumulation. Additionally, the implicit matching on
duration of follow-up (as well as age) means that the controls have had the same
opportunity (at least, in terms of the elapse of time) to develop breast cancer as the
cases.

(iii) Questionnaires: At the time of their enrolment in the NBSS, all participants
completed a questionnaire which sought identifying information, as well as data on
factors such as demographic characteristics, family history of breast cancer, menstrual
and reproductive history, use of oral contraceptives and replacement estrogens, and
cigarette smoking. Additionally, approximately two-thirds of the 89,835 women enrolled
in the NBSS completed self-administered diet history questionnaires. The dietary
questionnaire was introduced in 1982, at which time some women had already been
enrolled in the study (and were not seen again at the screening centers). The diet
history contained questions on the frequency of consumption and usual portion size of
86 food items, and also had an open-ended section for describing other food items
normally eaten. Photographs of various portion sizes were included in the questionnaire
to assist participants to quantify intake. The questionnaire also included questions on
current and past height and weight, and on consumption of beer, wine, and spirits. A
comparison between the self-administered questionnaire and a full interviewer-
administered questionnaire which has been subjected to both validity and reliability
testing (10) and used in a number of epidemiologic studies (11) revealed that the two
methods give similar results for the major macronutrients, dietary fiber, and vitamin C
(12).

(iv) Statistical power: This was calculated according to that described by Breslow and
Day (13).

(2) CONDUCT OF THE STUDY:

(a) Coding. data entry, and processing: The lifestyle information is available on the
computerized NBSS database. The standard procedures of the Cancer Epidemiology
Unit for quality control are used for coding and data entry.

(b) Collection of paraffin-embedded breast material: For the completed case-control
study of p53 and c-erbB-2 protein changes in benign breast disease, we created a
database consisting of identifying information, plus details of the location and accession
number of the 552 paraffin blocks. This information was used to generate lists for each
hospital of the study participants for whom we wished to obtain paraffin blocks. We then
wrote to the pathologist-in-chief at the hospital seeking the blocks.

This same approach was used to expand the existing tissue bank. The database
was updated to include all 4,888 subjects with a diagnosis of BBD in the NBSS. We are
currently attempting to collect the blocks of the remaining 4,336 (4,888-552) women.

(c) Histopathological Review: Sections from blocks received for the expanded nested
case-control study will be reviewed and classified by Dr. Kandel and a collaborator, Dr.




W. Hartwick, according to the criteria developed by Page (14), and as described in the
consensus conference for DCIS (15). Briefly, in benign lesions, the presence or
absence of epithelial proliferation is determined, and when epithelial proliferation is
present, the lesions were classified further according to the presence or absence of
cytological atypia. The cancers are classified by histological type.

(d) Experimental methods: In this section we describe the methodology that was used
to evaluate cyclin D1 gene amplification and protein overexpression in the nested cohort
of women that was used to assess p53 and c-erbB-2. For completeness we also
present details of the immunohistochemical staining for c-erbB-2 and p53 as well as the
molecular analysis of p53.

(i) Cyclin D1 in Breast Tissue:

Cyclin D1 immunohistochemistry

Since we do not have access to frozen tissue, immunohistochemical staining was
used to detect cyclin D1 overexpression. The antibody that we selected works on
paraffin-embedded tissue. Immunohistochemical staining allows cellular localization of
the immunoreactivity, so it was possible to ensure that the cyclin expression was
occurring in breast epithelial cells. In addition, this approach allowed us to determine
whether the immunoreactivity was present in the histopathology considered to be
associated with increased malignant potential. Breast cancers were stained in order to
determine whether the expression present in the benign breast disease was maintained
in the malignant lesion, or was present in the breast cancer only.

Tissue sections were placed on 2% aminopropyltriethoxysilane (Sigma)-coated
slides and deparaffinized. The tissue underwent antigen retrieval and incubated
overnight at 4°C with antibody reactive with cyclin D1 protein (monoclonal, dilution
1:2000; Upstate Biotechnology, Lake Placid, NY) as described previously (16). After
washing, the sections were incubated with biotinylated antimouse immunoglobulin G
(dilution 1:200; Vector Laboratories), followed by avidin-biotin peroxidase complex
(Vectastain Elite ABC Kit; Vector Laboratories). Immunoreactivity was visualized with
3,3'-diaminobenzidine (Vector), and the sections were counterstained briefly with
hematoxylin. T47D cells embedded in paraffin served as the positive control (17). The
negative control consisted of replacing the primary antibody with Tris-buffered saline or
nonimmune mouse serum (DAKO, Carpinteria, CA). Distinct nuclear staining in greater
than 1% of epithelial cells indicated a positive reaction and cytoplasmic staining was
considered nonspecific and interpreted as negative.

Cyclin D1 amplification

Five um thick sections were cut, briefly stained with hematoxylin. The epithelium
in the tissue which showed cyclin D1 immunoreactivity was microdissected out and
placed in a microfuge tube. The tissue sections showing no cyclin D1 protein
accumulation immunohistochemically underwent random microdissection of epithelium.
DNA was extracted by incubating the microdissected tissue in buffer (50 mM Tris-HCI,
pH 8.5, 1 mM ethylenediamine tetracetic acid, 0.5% Tween 20) containing 0.5 mg/ml of
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proteinase K (Sigma Chemical Co, St. Louis, MO) at 50°C for 48 hours. The proteinase
K was then inactivated by boiling at 95°C for 15 minutes.

Semiquantitative differential polymerase chain reaction (PCR) was used to
determine the presence of cyclin D1 gene amplification. As fragmented genomic DNA
(<200 bp) may influence the results of differential PCR, pinterferon (~IFN) was
analyzed in a multiplex PCR reaction in order to indirectly assess DNA quality first
(18,19). Two sets of primers, specific for different exons of »IFN gene and which
generate PCR products of 150 and 82 bp (3<IFN 150 and j<IFN 82) were co-amplified in
the same reaction tube as described previously (19). If the »IFN82/5<IFN150 ratio of the
PCR products was 3 or less, the tissue was considered suitable for further analysis. For
such cases, aliquots of the proteinase K digested tissue were then examined for cyclin
D1 amplification using PCR. Both dopamine receptor (DR) and cyclin D1 were co-
amplified in the same reaction tube. DR was chosen as it is present on the same
chromosome as cyclin D1 (20). If the tissue had chromosomal duplication it would
simulate amplification and would be a false positive. To prevent this we selected a gene
on the same chromosome yet of sufficient distance from cyclin D1 that it was unlikely to
be part of an amplified amplicon. Included in each run was DNA extracted from two
paraffin embedded cell lines; MDA-MB-231 which shows no gene amplification and ZR-
75-1 which has cyclin D1 amplification (21,22). Briefly, 1 10 fthe digest was mixed with
14 | of PCR working solution containing 10mM Tris Hcl, pH 8.3, 50 mM KCI, 1.5 mM
MgCls, 0.01% gelatin, 100 M of eachdNTP, 1 U of AmpliTag DNA polymerase (Roche
Diagnostic Systems Inc., Branchburg, NJ) and 1 M of each primer. The samples
underwent 30 cycles of amplification in an automated thermocycler (DNA Thermal
Cycler, Perkin Elmer, Branchburg, NJ). Each cycle consisted of 1.2 minutes of
denaturation at 94°C, 1 minute of annealing at 55°C, and 1 minute of elongation at
72°C. The PCR products were separated by electrophoresis on a 12% polyacrylamide
gel at 200V for 2 hours and visualized following ethidium bromide staining. Each tissue
was analyzed at least twice in separate polymerase chain reactions. Each sample
showing amplification of cyclin D1 was then repeated one additional time. Concurrently,
DNA extracted from the subject's breast stromal tissue, which should show no
amplification, was also analyzed as a control. Direct sequencing of selected PCR
products using the sense primer and the Thermo Sequenase radiolabelled terminator
cycle sequencing kit (Amersham Life Sciences, Cleveland, Ohio, USA) confirmed the
specificity of the primers (23).

To determine whether there was cyclin D1 gene amplification, the ratio of the
cyclin D1 PCR product to the DR PCR product was derived from photographic
negatives of ethidium bromide stained gels, which were quantified by laser densitometry
(Computing Densitometer Model 300A, Molecular Dynamics, Sunnyvale, CA). There
were at least two gels per sample and each gel was scanned three times. A mean ratio
of cyclin D1 to DR was determined and a ratio of greater than 0.88 was considered
indicative of gene amplification. This value was determined by calculating two standard
deviations from the average of the ratios (n=93) obtained from the negative control cell
line that had no gene amplification.

10




(ii) Assessment of p53 accumulation, c-erbB-2, and cyclin D1
overexpression in breast tissue

The subjects newly identified by the recently completed linkage will be used to
expand the previously published study (1). The paraffin blocks from these individuals
will undergo immunostaining for p53, c-erbB-2, and cyclin D1 using standard
immunohistochemical methods as described either above (for cyclin D1) or previously
(p53 and c-erbB-2) (1).

(iii) Methodology to detect p53 mutations in breast tissue

As well we are examining whether p53 mutations occur in the tissues from the
subjects in this study (1) using PCR-SSCP and manual sequencing when indicated.

Five m sections are cut from the paraffin blocks dewaxed and stained briefly
with hematoxylin. The epithelium in the region of the tissue that shows p53
immunoreactivity is microdissected out and placed in a microfuge tube. The tissue is
digested with proteinase K (0.5 mg/ml in 50 mM Tris HCI, pH 8.5, 10 mM EDTA, 0.5%
Tween 20) for at least 48 hrs at 55°C (23). The proteinase K is inactivated (95°C for 15
min). ‘

An aliquot of the digest is amplified using PCR, [ #*P]-dATP and exon-specific
primers. An aliquot of the reaction product is separated on an 8% non-denaturing
polyacrylamide gel and the gel is processed for autoradiography (24,25). Potential
mutations are detected by shifts in band mobility. If no band shifts are detected in these
samples, the tissue are considered to have no mutation. For samples showing band
shifts, the PCR-SSCP analysis will be repeated. If the two PCR-SSCP analyses
generate different band shifts, another section will be cut, microdissected and
processed for PCR-SSCP analysis as described above.

The abnormally shifted band is excised from SSCP gels and the DNA eluted into
water. The DNA is reamplified by PCR using the same primers and the product run on
a 2% agarose gel. The band is extracted using QlAquick gel extraction kit (Qiagen Inc,
Mississauga, ON). The purified DNA is manually sequenced using ThermoSequenase
radiolabelled terminator cycle sequencing kit (Amersham Life Sciences, Cleveland, OH)
and the sense primer according to the manufacturer's directions, followed by gel
electrophoresis and autoradiography. To confirm the mutation, the DNA product will be
resequenced using the antisense primer. Negative controls will be included in each
analysis. Gene alterations will be compared to those listed for breast cancer in a p53
database (http://www.iarc.fr/p53).

(e) Statistical analysis: Essentially, the statistical analysis involves comparison of the
frequency (either singly or in combination) of cyclin D1, c-erbB-2 overexpression and
p53 protein accumulation and mutations in the cases and controls, using conditional
logistic regression with multiple controls per case (9). The association between these
genetic changes and factors which are thought to be involved in the etiology of BBD and
breast cancer (e.g., reproductive, menstrual, and dietary factors, as well as BBD
histology) are examined, as well the association of the latter variables with risk of
progression to breast cancer.
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Further analyses will be directed towards within-individual comparisons of cyclin
D1 and c-erbB-2 overexpression and p53 in BBD and breast cancer. One possible
interpretation of any changes that are found to be common to both conditions will be
that they contribute to the development of breast cancer rather than arise as a
consequence of it.

RESULTS

Technical Objective 1: Obtaining blocks from remaining 4888 cohort
members

We have updated the database with respect to identifying details of the
remaining individuals in the cohort with benign breast disease.

We have contacted a total of 253 hospitals. The number has changed from our
grant proposal because of the ongoing hospital mergers that are occurring in Canada.
We are in the process of accessioning the paraffin blocks received to date. 157
hospitals/ laboratories have sent 2242 blocks out of 2635 requested (85%). We are in
contact with 17 hospitals of which have agreed to send blocks (52 blocks) but have not
done so yet. The remaining 14 hospitals are in discussion with us and have indicated
that they may be willing to send the blocks that we have requested (412 blocks). Fifty-
four hospitals (1153 blocks) have replied and informed us that the blocks requested
have been discarded and 25 hospitals had sent the blocks to other locations. Repeated
follow-up phone calls are being made to the lab director or their designate for the
outstanding 17 hospitals.

Technical Objective 2: Assessing role of cyclin D1 in progression of BBD to
breast cancer

Cyclin D1 gene levels were assessed in tissues from 356 subjects. Cyclin D1
immunostaining of tissue sections from 383 blocks of benign breast disease was also
done.

Twelve cases and 29 controls showed cyclin D1 amplification. Gene amplification
values ranged from 0.89 to 1.27. Previous studies have shown that the breast cell line
ZR-75-1, which was used as positive control, had approximately a three-fold
amplification (26,27) and this cell line using our methodology had on average an
amplification ratio of 1.26 + 0.96. This suggests that when cyclin D1 in the breast
tissues was amplified it had at most three-fold amplification. After adjustment for
confounding there was a statistically non-significant 40% increase in risk of breast
cancer in association with cyclin D1 amplification.

Cyclin D1 overexpression was seen in 75 samples of benign breast disease.
Fifteen of the immunopositive tissues were cases and 60 were controls. When the
analysis was completed the presence of cyclin D1 overexpression was not associated

12




with increased risk of developing breast cancer (unadjusted odds ratio = 1.07, 95%
confidence intervals = 0.56-2.03).

This objective has been accomplished. The results have been analyzed and a
manuscript detailing our findings submitted to European Journal of Cancer (see
appendix).

Technical Objective 3: Cyclin D1, p53 and cerbB-2 immunostaining, cyclin
D gene amplification and p53 molecular analysis of additional cases and controls
identified in 2000 linkage

The tasks in this objective are dependant on the extension of the ongoing project
by the addition of more cases and their controls identified as a result of longer follow-up.
The cases are identified by the linkage of the NBSS database to the Canadian Cancer
Database and this was delayed at Statistics Canada. Once the linkage was done the
breast cancer diagnoses had to be verified and this took more time than anticipated for
technical reasons. However, all this has been completed and an additional 63 cases
were identified and the controls were selected. As a result of the delay in the linkage the
work to accomplish tasks 6 to 9 are ongoing. These should be completed by the end of
the extended grant period.

We have developed the methods to detect p53 mutations in DNA extracted from
paraffin embedded tissue (task 7). We have analyzed all the p53 immunopositive breast
tissues and 15 subjects whose breast tissue did not show p53 protein accumulation.
p53 sequence changes occurred overall in 59.2% (16/27) of p53 immunopositive
tissues. p53 mutations occurred in 33% (9/27) of immunopositive case. Four (26.7%0 of
the immunonegative tissues showed gene alterations of which one was a mutation. The
results of this work have been published in the International Journal of Cancer.

Technical Objective 4: Linkage to the National Cancer Incidence Reporting
System in calendar year 2000

This objective entails preparing a file for a second linkage to obtain patient

clinical follow-up to the year 1997-98. The file was prepared and transferred to Statistics
Canada. They are currently doing the linkage and should identify additional cases.
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KEY RESEARCH ACCOMPLISHMENTS:

e creation of a tissue bank of benign breast tissue

e demonstrated that cyclin D1 protein overexpression and gene amplification occurs in
normal and benign breast tissue

e demonstrated that cyclin D1 protein overexpression is not associated with increased
breast cancer risk

e demonstrated that cyclin D1 gene amplification is not associated with increased
breast cancer risk

o demonstrated that p53 mutations and gene changes occur in normal and benign
breast tissue

e expansion of cohort study which should refine the role of p53 protein accumulation
as a marker of increased breast cancer risk
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B) In addition we received another grant from the US Army Medical Research and
Materiel Command (Are p53 mutations associated with increased risk of developing
breast cancer? A molecular epidemiological study. #BC980784) that will allow the
continuation of this project. This grant focuses on determining whether p53 gene
changes are associated with increased risk of developing breast cancer in the entire
cohort.

C) With the support of this grant we have been able to establish a tissue bank of
paraffin-embedded normal or benign breast tissue.
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CONCLUSIONS

As the collection of blocks and the expansion of our case-control study are
ongoing, the conclusions that can be drawn are limited. Our recently published case-
control study involving the use of benign breast tissue from individuals enrolled in the
NBBS has been called a "paradigm for future studies of additional biomarkers that may
identify women with high risk benign breast disease" in a recent editorial about our
studies (28). This supports the approach that we are using to identify biomarkers of
increased breast cancer risk and we are continuing to collect the paraffin blocks of the
benign breast tissue to be able to do these types of studies.

We have shown that cyclin D1 protein overexpression occurs in normal and
benign breast tissue (23). We found that cyclin D1 gene amplification and protein
overexpression as detected immunohistochemically were not associated with increased
risk of developing breast cancer in the group of individuals studied to date (see
appendix).
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Mutations in the p53 gene are amongst the most common
molecular changes detected in breast cancer, and there are
several reports suggesting that changes in p53 may contrib-
ute to the pathogenesis of this disease. In a previous case-
control study, we demonstrated that p53 protein accumula-
tion detected by immunohistochemistry in normal or benign
breast tissue was associated with a 2.5-fold increase in the
risk of subsequent breast cancer. In this study, we investi-
gated whether p53 gene mutations were present in the 29
p53 immunopositive normal or benign breast tissue samples
and in |5 p53 immunonegative normal or benign breast
tissue samples selected randomly from the original study.
DNA was extracted from paraffin sections and underwent
PCR-SSCP analysis for exons 4 to 10. PCR products that
showed abnormal mobility were excised and sequenced. Six-
teen (59.2%) of the 27 immunopositive breast tissue samples
and 4 (26.7%) of the IS immunonegative sampies had p53
sequence changes. There was no obvious association be-
tween the occurrence of these alterations and any specific
histopathologic features. Ten cases showed p53 mutations,
and they were all missense base substitutions of the transi-
tion type. Thirteen other gene changes occurred in 11 breast
tissue samples and consisted of 8 silent (no amino acid
change), 4 intronic alterations, and | indeterminate aiter-
ation. One individual had both a mutation and a silent
change. In summary, p53 gene alterations can occur in nor-
mal or benign breast tissue, but resolution of their role in the
pathogenesis of breast cancer will require long-term fol-
low-up studies involving comparisons of breast cancer occur-
rence in patients with and without p53 mutations as well as
functional assays to determine their significance. int. J. Cancer
87:73-78, 2000.
© 2000 Wilev-Liss. Inc.

Carcinogenesis is a complex multistep process that arises from
the accurnulation of critical genetic changes (Shackney and Shan-
key, 1997). The molecular changes leading to the development of
breast cancer are not well characterized. However. mutations in the
p53 gene are amongst the most common molecular changes de-
tected in breast cancer (Phillips ez al.. 1999) and several clinical
and experimental studies have suggested that changes in p53 may
contribute to the pathogenzsis of this disease.

In expenimental studies. p53 mutations occur in the preneoplas-
tic stage of mouse mammary tumour development (Jerry er al.,
1993). It has been shown that transgenic mice expressing a mutant
p53 172% ¥ minigene that had been targeted to the mammary gland
developed chemically induced breast cancer with shorter latency
periods and greater tumour burden than did their nontransgenic
littermates (Li er al.. 1998). Gao er al. (1996) have shown that
ablation of p33 function ty a dominant negative p52 mutant can
result in immortalizatior of normal human mammary epitheiial
cells. However. not all dominant negative mutants induce immor-
talization iGao er al.. 1927), suggesting that the contribution of
mutant p33 to the deveiopment of cancer is complex.

In clinicai studies. pS3 mutations and/or p53 protein accumuiz-
tion have been detected :n intraductal carcinomas (Done er ai..
1998. Lisboa er ai.. 1993: Phillips et al. 1999). p33 protein
accumulation has also besn demonstrated immunohistochemicailv
in the bemgn breast tissuz of patients with the Li-Fraumeni syn-
drome (Thor er ai., 1992 and in benign tissue adjacent to breast
cancer in women with z ancer syndrome distinct trom Li-Frau-

meni syndrome (Barnes et al., 1992). Several reports have also
shown p53 mutations and/or positive immunostaining for p53 in
sporadic forms of benign breast disease (Millikan er al. 1995;
Schmitt et al., 1995; Younes er al. 1995: Lisboa er al. 1997:
Rohan er al.. 1998). Collectively. these findings suggest that p53
changes can occur prior to the development of breast cancer. This
is in keeping with observations by others that p53 alterations can
occur in putative precursor lesions of other cancers and in normal
tissues. For example. p53 mutations have been detected in Bar-
rett’s esophagus (Campomenosi er al., 1996), and mutations in
codons 247 and 248 have been detected in normal skin and have
been shown to be associated with increased risk of developing
basal cell carcinoma (Ouhtit er al.. 1998).

In a previous study (Rohan er al., 1998) in which histological
sections of normal or benign breast tissue were stained immuno-
histochemically for p53 (using the DO-7 antibody), we identified
29 subjects who showed p53 protein accumulation. One explana-
tion for the p53 immunopositivity is that the tissue had an under-
lying pS3 mutation. It is also possible that some of the 330
immunonegative subjects in that study had p53 mutations. since
immunoreactivity can depend on the antibody used. on the type
and duration of tissue fixation. or on the type of mutation. given
that some mutations may not alter the protein in such a way that it
can be detected immunohistochemically (Phillips et al. 1999). In
relauon to the latter point, one study showed that approximately
33% of breast cancers with p53 gene mutations identified by
complementary DNA sequencing did not show positive immuno-
staining in tissue sections using the Cl 1801 antibody (Sjbgren er
al. 1996). In this study, we investigated whether the 29 pS3
immunopositive breast tissue samples and 15 randomly selected
p53 immunonegative breast tissue samples had p33 gene muta-
tions.

MATERIAL AND METHODS
Clinical history and histopathology review

Breast tissue specimens from 44 women whose biopsies showed
either no histopathological change or benign breast disease were
analyzed. The women selected for the study had their biopsies
performad berween 1980 and 198~. For each patient a reprasenta-
tive paratfin block containing tissue from the breast biopsy was
obtained. Five-um sections were cut. stained with hematoxylin
and eosin. examined by light microscopy, and classified according
to the criteria developed by Page and Anderson (1987,

p33 immunostaining

As described previously (Rohan et al, 1998). 5-um sections
were cut from the paraffin biocks. mounted on aminopropyitri-
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ethoxysilane (2%. Sigma. St. Louis. MO =oated slides and depar-
affinized. and underwent antigen retrieva; microwaved in 10 mM
citrate buffer. pH 6.0. for IS min at = medium-high setting).
Endogenous peroxidase was mactivated using 3% hydrogen per-
oxide. and the sections were blocked witn goat serum (20 wl/ml.
Vector, Burlingame. CA) containing 5% crvstallized bovine serum
albumin (BDH Laboratory Supplies, Pocie. UK). The sections
were incubated overnight at 4°C with anubody reactive with p33
(DO-7. dilution 1:40, Novocastra Laboratories. Newcastle Upon
Tyne. UK). After washing, the sections were incubated with bio-
tinylated goat anti-mouse IgG (dilution 1:200. Vector) for 30 min
at room temperature, followed by avidin-biotin peroxidase com-
plex (Vectastain Elite ABC Kit, Vector). Immunoreactivity was
visualized with 3'.3-diaminobenzidine tetrzhydrochloride (Vector)
and the sections counterstained briefly with hematoxylin. The
positive controls were sections from a paraffin-embedded breast
cancer that was known to have a p53 mutaiion associated with p33
protein accumulation. The negative control consisted of replacing
the primary antibody either with PBS or with mouse nonimmune
serum. The presence of nuclear staining in any number of cells
seen at 100X magnification was considered a positive reaction.
Cytoplasmic staining was considered nonspecific and interpreted
as negative.

&

p53 molecular analvsis

Five-pm sections were cut from the paraffin blocks and stored for
up to 3 years. Prior to microdissection, the sections were dewaxed and
stained brefly with hematoxylin. The epithelium in the region of the
tissue that had shown p33 immunoreactiviy was microdissected out
and placed in a microfuge tbe. The tssue sections that showed no
p33 protein accumulation immunohistochemzcally underwent random
microdissection of epithelium. The tissue was digested with protein-
ase K (0.5 mg/m] in 50 mM Tris HCL. pH £.5. 10 mM EDTA. 0.5%
Tween 20) for at least 48 hr at 55°C. The proteinase K was inactivated
by heating at 95°C for 15 min.

An aliquot of the digest was amplified using PCR. [a-**P]-
dATP and exon-specific primers (see Tabie I). An aliquot of the
reaction product was separated on an 8% nondenaturing polyacryi-
amide gel. and the gel was processed for zutoradiography. Poten-
tial mutations were detected by shifts in band mobility. If no band
shifts were detected in these samples. the ussue was considered to
have no mutation. For samples showinz band shifts. the PCR-
SSCP analysis was repeated. If the two PCR-SSCP analyses gen-
erated different band shifts. another seczon was cut. microdis-
sected. and processed for PCR-SSCP anaivsis as described above.
Negative controls including cells that contzined no mutation and a
blank water control were included in each analysis. In addition.
positive controls for exons 5 to 9 (exon 3: SKBr 3: exon 6: T47D;
exon 7: colo 320 DM: exon 8: MDAMB-£3: exon 9: SW480) were
also included where appropriate. The ce lines used as positive

KANDEL £T AL

controls had been embedded in agar. fixed in 10% formalin. and
were paraffin-embedded to simulate the processing conditions of
the breast tissue.

The abnormally shifted band was excised from SSCP gels. and
the DNA was eluted into water. The DNA was reamplified by PCR
using the same primers. and the product was run on a 2% agarose
gel. The band was extracted using QIAquick gel extraction kit
(Qiagen. Mississauga. ON). The punfied DNA was sequenced
using ThermoSequenase radiolabelled terminator cycle sequencing
kit (Amersham Life Sciences, Cleveland. OH) and the sense
primer according to the manufacturer’s directions, followed by gel
electrophoresis and autoradiography. To confirm the mutation. the
DNA product was resequenced using the antisense primer. Nega-
tive controls were included in each analysis. Cell lines with known
mutations in exons 5 to 9 were also included where appropriate.
Gene alterations were compared with those listed for breast cancer
in a p53 database (http://www.iarc.fr/p53).

RESULTS

For two of the immunopositive cases, we were unable to extract
DNA. and these cases were eliminated from the study. Of the 42
cases from which we could extract DNA. 22 showed fibrocystic
change, 8 showed adenosis with or without fibrocystic change or
fibrosis, 8 had hyperpizsia (mild. moderate. or florid), 2 had
fibroadenomas, and 2 showed no histopathological change.

Exons 4 to 10 were analyzed for mutations and a representative
SSCP gel and its corresponding sequencing gel are shown in
Figure 1. For all cases except one, the SSCP changes were repro-
ducible. In the one case fcase 24) where the SSCP change was not
reproducible, the repeat analysis had been done on DNA extracted
from a different section and only wild-type DNA sequences were
seen on the second analysis. In all, 23 sequence alterations were
detected in 20 individuais. and they were all base substitutions of
the transition type (Tables I and III). Ten of these changes were
missense mutations resulting in an amino acid change. Two of
these mutations occurred at CpG dinucleotide sequences (cases 2
and 24), and 2 occurred at known hot spots on the p33 gene. one
at codon 175 and the other at codon 245. The missense mutatons
were distributed amongst exons 4, 5, 7, and 9.

The other 13 gene changes (13/23) consisted of 8 silent (no amino
acid change) base substitutions. 4 intronic base substtutions. and 1
uninterpretable change. The latter gene change occurred in case 3. for
which an abnormal paniern for exon 9 was detected in the SSCP gel.
while all the other exons showed wild-type patterns. Although the
sequencing pattern could not be interpreted because of the presence of
numerous exira bands. this sample was still considered to have 2 gene
alteration. The 8 silent changes were detected in exons 4. 6. and ~. and
the intronic changes were wm introns 6. 7. and 9. Three individua's had
2 sequence changes each: in 2 of them both changes were siler: and

TABLE 1-Ps3 PRIMER SEQUENCES AND PCR CONDITIONS

Primers

Procuct

Sequences size 15p! PCR conditions
Exon 4 5"-ATCTACAGTCCCCCTTGCCG-3' 296 bp 95°C. 30 sex: 55°C. 50 sec: 72°C. 60 sec. 35 cycles
. 5"-GCAACTGACCGTGC AAGTCA-3
Exon 5° 5"-GCTGCCGTGTTCCACTTGCT-3 294 bp 95°C. 50 sec: 38°C, 50 sec: 72°C. 60 sec. 30 cveles
. 5"-CCAGCCCTGTCGTCTCTCCA-2
Exon 6- 3'-GGCCTCTGATTCCTTACTGA-Y 198 hp 95°C. 20 sex: 23°C. 50 sec: 72°C. 60 sec. 30 cycles
s 5-GCCACTGACAACCACCCTTA-Y
Exon 7- S-TGCCACAGGTCTCCZCAAGG-3 196 bp 95°C. 30 sec: 36°C. 50 sec: 72°C. 60 sec. 30 cveles
$"-AGTGTGCAGGGTGITAAGTG-3
Exon §- 5-CCTTACTGCCTCTTCITICT-3 225 bp 95°C. 30 sec: 35°C. 50 sec: 72°C. 60 sec. 30 cycles
N S-ATAACTGCACCCTT ZGTICTC-3
Exon Y’ 3-GCCTCAGATTCACTTTTATCACC-% 152bp 95°C. 50 sec: 56°C. 50 sec: 72°C. 60 sec. 30 cycles
3-CTTTCCACTTGATA~3AGGTCCC-3’
Exon 10 3-TGTTGCTGCAGATCIGTGGG-3 130 bp 95°C. 20 sec: 35°C. 30 sec: 72°C. 60 sec. 33 cveles
3-GAGGTCACTCACCT ZGAGTG-3
‘Reference tMashiyama e i 1991~ Rz7erence (Millikan er af.. 1995, —*Reference {Mazars <7 al.. 1992).
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Case #
C+ C- 34 33 35 37

for TR

AP OV Q40O 00

'4'0_;}}0_“1_*0000

FiGURE 1 — () Representative SSCP gel of exon 9 PCR product from < cases. Case 34 shows a band shift as indicated by the arrow. Tee
negative control thzz had wild-type p53 (C—) and positive (C+) control (cel! line SW480) are included. (b) The corresponding sequencing g=!
of case 34 shows z Sase substitution (t—<) as indicated by the arrow. The sequencing pattern for the negative control (C—) in the same regice

is also shown.

TABLE II- P53 MUTATIONS N BREAST TISSUE

lase = Location Cacor * Sequence change Amino acid
24 + Exon 4 CGC - CGT Arg — Arg
Exon 4 CGT - TGT Arg ~» Cys
46 - Exon 4 GCA — ACA Ala — Thr
2 - Exon § CGC - CAC Arg — His
4 - Exon 5 TGC —- TAC Cys — Tyr
28 - Exon 5 ATG - GTG Met — Val
36 - Exon 5 CAC - CGC His — Arg
9 - Exon 7 - TCT —TTIT Ser — Phe
10 - Exon 7 = GGC — GAC Giy — Asp
3 - Exon 7 243 GGC — GAC Giv — Asp
16 - Exon 9 s GGA — GAA Gly — Glu

'[CH. immunorsiochemical staining; <. present, —, absent.

in the third. 1 ¢ =e 2 resuited in an amino acid change. Of the 4
intronic alteraticm: 2 were in the same location (nucleotide residue
14766) in intor. - and showed the same change (t—c). The others
were at nucleotiazs 13466 in inron 6 and 14114 in intron 7. None of
the mtronic mutzz.-ns occurred at a splice site or created a new splice
site. In addition - the results shown in Tables II and [I. the known
p33 polymorphis= in codon 72 (CGC—CCC) was detected in 2
cases.

All 10 misser:¢ mutations occurred in codons identified in the
p33 breast cancss Jatabase as having mutations. Seven of them
showed the sarz -ase and amino acid change as has been identi-
fied in breast cz-<z2r. Of the 8 silent changes. 3 showed the same
base change as -.:s been identified in breast cancer and 5 showed
a different alterzzon in the same codon. A similar comparison
could not be doz:z “or the intronic mutations because the nucieotide
residues of the :==>nic mutations are not provided in the daiabase.
Similar to those =:ported in the p33 database. most base substitu-
tions in this s.2v were G:A and C:T (IARC p33 murations

W

database htp « '~ iarc.fr/p53).
For all indiv zzals with a p533 gene alteration. the adiacent
stromal tissue _-cerwent microdissection and extraction of the

DNA. The =xon that had been identified as abnormal in ==
eoithelial cells was anaivzed by PCR-SSCP. In 18 of 20 samp.z:
‘2cts, wiid-type p53 banding parterns were observed (Fig. 2. 2
other two (samplersubject 29 and 34), the same gene alteraz>z
v 23 present in the stromal cells as in the epithelial cells.

Of the 27 breast tissue samples with p53 immunopositivity. .=
+$3.2%) had p33 sequence changes. Nine of these 16 had mu:z-
z:ns. One breast tissue with a p53 mutation was immunonega=-2
.T:zbie II. Seven of the 10 breast tissues with sequence alteratizzs
2nt or inonic) showed p33 immunoreactivity (Table ). Frur
27 e 15 women (26.7%) whose biopsies were immunonega:
-2d seguence changes. One had a mutation (Table II) ar:
sm>wed sequence alteratons (Table III). There was no obw:
z::aciation netween the occurrence of gene alterzuions and
srecific histopathologic features (Table IV). A representative po-
:smicrograrh of a secuon stained for p33 is shown in Figure -

[

DISCUSSION

232 is invoived in regulating ceil proliferation and DNA rer.:.
~2icing apoptosis. and promoting chromosomal sizoidity (Lev -2,
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TABLE JI1 - P53 SEQUENCE CHANGES THAT DO NOT CAUSE &M ACID CHANGES

Case number ]E’:‘E< Lozanon Site Sequence Ammo acid
Silent change
32 - Exon 4 codon 74 GCC - GCT Ala — Ala
Exon 4 codon 111 CTG —CTA Leu —Leu
44 + Exon 4 codon 111 CTG —CTA Leu — Leu
18 + Exon 6 codon 217 GTG — GTA Val — Val
27 + Exon 7 codon 231 ACC — ACT Thr — Thr
Exon 7 codon 239 AAC — AAT Asn — Asn
48 + Exon 7 codon 226 GGC = GGT Gly — Gly
Intronic change .
+ Intron 6 nr- 13466 g—a
17 + Intron 7 nr 14114 g—a
29 - Intron 9 nr 14766 t—c
34 - Intron 9 nr 14766 t—c
Noninterpretable change
5 + Exon 9 - -
'IHC. immunohistochemical staining: +, present. —, absent.—nr, nucleotide residue.
Case 44 Case 17 Case 16
Intron 7

WT S E

WT S E

WT S E

FIGURE 2 - Represertative SSCP gels of exer 4 1zase 44). intron 7 (case 17). and exon 9 -zzse 16) showing DNA that had been extracted from
epithelial cells (E). from corresponding stromz. ceils (S). and the appropriate negative conoi (WTi. The DNA from the epithelial celis shows
a different band patern than the correspondinz stromal and negative control DNA.

1997). Changes in p33 might contribute to carcinogenesis by
conferring a proliferative advantage to cells with or without ab-
normal DNA and/or by facilitating the accumnuiziion of additional
genetic changes. for example by allowing aneurioidy and genetic
instability to occur (Shackney and Shankey. 19%7). To date. it is
not known at which stage in the carcinogen:c process p33 abnor-
malities develop (Phillips er al.. 1999).

Our results demonstrate that p33 gene ziterzuons can be de-
tected in breast tissue that is either norma. or snows changes of

benign breast d:s22se. p52 changes were found more commonly in
tissue that show=3 p33 protein accumulation (positive immuno-
staining) than 1z ussue that did not. All of the changes detected
were of the trans:ion type. This is in keeping with experimental
data showing thz: DNA proofreading corrects transversions more
efficiently than ansitions (Schaaper. 1993).

There have been 3 other reports of p33 gene analysis in normal

or bentgn breas: ussue. Millikan er al. (1995) detected p32 point
mutations in = ¢7 20 pararfin-embedded breast samples. Two of the
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TABLE 1V - SUMMARY OF ANALYSES OF P53 IMMUNOHISTOCHEMICALLY DETECTED PROTEIN ACCUMULATION
AND GENE CHANGES ACCORDING TO 41STOLOGIC AL FEATURES

Histol Number Number of Numter of N“:’;_b" “‘“(';_b""

1stology sar::mcs [i-am&'c:- ?ims;t_‘ Isimﬂis ;:a_m&le:
Normal 2 2 0 0 0
Fcc? 22 9 s 2 6
Adenosis* ] 8 1 3 " 5
Hyperplasia® 8 3 A 1 2
Fibroadenoma 2 1 0 0 "
Total 42 16 11 4 1

'I-'r,»immunoposi[ive: [-. immunonegative.-*M +, gene change present; M—, gene change absent.—*FCC, fibrocystic change.-*Adenosis.
adenosis = FCC * fibrosis.~*Hyperplasia, either mild, moderate. or florid.

FiGure 3 - Photomicrograph of normal breast ducts showing p33
immunopositivity (immunoperoxidase with hematoxylin counterstain,
magnification 160X).

mutations occurred within the 14 cases that were immunopositive
for p53 and the other 3 occurred in the 46 immunonegative cases.
All of the mutations were transition types. and 3 resulted in an
amino acid change. In contrast to our study. their analysis involved
only exons 4 to 8, which may provide a partial explanation for the
lower frequency of mutations in their study. Lisboa er al. (1997)
detected a p53 mutation in one of 13 cases of normal or benign
breast tissue examined. However. they examined only exons 5 to
8 inclusive and did not perform microdissection and so may have
missed mutation(s) present in only a small number of cells. Done
et al. (1998) identified ~ cases of breast cancer from which they
were able to microdissect 41 foci of surrounding normal epithe-
lium or epithelium showing changes of benign breast disease. The
p53 gene analysis was performed on DNA extracted from paraffin-
embedded tissue. They did not detect any mutations. but their
study was based on a small number of cases and only exons 4 to
8 were studied.

In this study. sequence changes occurred overall in 59.2%
(16/27) of p53 immunopositive sampies. p53 mutations occurred
in 33% (9/27) of immunopositive cases. Although this value may
appear low. it is in keering with the findings of several studies of
breast cancer. which have examined the correlation between im-
munostaining and the presence of mutations detected by sequenc-
ing. In those studies. 20°z (Dunn ez a/.. 1993) to 70% (Visscher et
al.. 1996) of immunopositive breast cancers showed mutations.
The relatively low value that we observed may in part reflect the
fact that we considered the presence of any p53 immunopositivity
to represent a positive case. whereas it has been suggested by
others that only cases showing immunopositivity in greater than
3% of cells should be considered 1o have p53 protein accumulation
{Clausen. 1998). It is aiso possible that more mutations may have
been identified if the erure coding region (exons 2 to 11) and not

just exons 4 to 10 had been sequenced. Alternatively, the p33
protein accumulation may be due to mechanisms other than p53
mutation. Four (26.7%) of our p53 immunonegative cases showed
gene alterations. one of which was a mutation. It is not surprising
that p53 changes were detected in the absence of positive immu-
nostaining as it is well accepted that not all p53 mutations will
result in immunohistochemically detectable p53 protein (Sjégren
et al., 1996; Visscher et al., 1996).

Several features of our study suggest that the mutations that
were detected were real and were not artifacts of the methodology
used to detect them. It has been shown that PCR-induced sequence
changes can be minimized if the proteinase digestion time of the
tissue is sufficiently prolonged (at least 48 hr), the products gen-
erated by PCR are relatively small (Shiao et al., 1997), and enough
DNA template is used (Krawczak ez al., 1989). In our stdy, the
tissue was digested for at least 48 hr and the products were all less
than 300 bp in size. Although we were unable to quantify the
amount of DNA in each analysis, a fixed cycle number was used
in the PCR for each exon of all samples and it was not increased
if the product was undetectable. Secondly, repeat PCR-SSCP
analysis showed that the band shifts were reproducible. In the one
case where it was not reproducible, the analysis had been done on
DNA extracted from a different section and it is likely that the area
with the p53 change was no longer present. The DNA in the
abnormal SSCP band was sequenced in both directions to ensure
that the sequence change was not a PCR-induced arifact and in
each case the same mutation(s) was detected. Thirdly, DNA from
stromal tissue showed wild-type p53 sequences in 18 of 20 cases.
The other 2 cases (29 and 34) had the same mutation in both
epithelial and sromal DNA. For these samples, the changes might
represent inadvertent microdissection of some epithelial cells with
the stromal tissue or a true germline mutation or a polymorphism.
We consider it more likely that the change detected in these two is
a polvmorphism because it has been detected in approximately 4%
of tumours in a breast cancer tumour bank (data not shown).
Fourtily, we were able to detect a known polymorphism in 2 other
cases. Finally. other studies. such as that of Nadji er ai. (1996),
have shown that DNA extracted from paraffin-embedded tissue
will show p53 gene changes identical to those detected in frozen
tissue. suggesting that paraffin-embedding does not induce gene
mutauons and that tissue processed in this way is suitable for DNA
analysis. Eight (34.8%) of the 23 gene changes detectad were
silent. Strauss 1 1997) predicted that approximately 25% of muta-
tions 11 a datasat will be silent if mutagenesis is random and if the
silent mutation does not provide a selective advantage. Although
the siznificance of silent mutations is not known. it is possible that
they could have effects on DNA.

In conclusion. the resuits of this study suggest that p33 muta-
tions can be detected in normal epithelium and benign breast
tissue. This observation is in keeping with the findings of other
studies demonstrating genetic changes such as loss of heterozy-
gosity 1LOH) znd microsatellite instability in normal and benign
breast ussue (Deng er al.. 1996: Lakhani ez al.. 1996: O"Connell ez
al.. 1998: Larson er al.. 1998). However. the significance of p33
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muzations and other sequence changes in these tissue types is
unknown. For example. a study showed that genetic changes such
as LOH and microsatellite instability may not correlate with the
development of breast cancer (Kasam: er al.. 1997;. For skin.
however. it has been suggested that p53 mutations may provide
information about subsequent risk of developing nonmelanoma
skin cancer (Ouhtit ef al.. 1998). Resolution of the role of p53 gene
aherations in the pathogenesis of breast cancer may require long-

term follow-up studies involving comparisons of breast cancer
occurrence in patients with and without p53 mutations and assess-
ment of the functional significance of the mutations.
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ABSTRACT

Cyclin D1 amplification and/or protein overexpression have been observed not only in
breast cancer but also in the putative early stages of breast neoplasia. In a case-control study
nested within a cohort of 4,888 women, we investigated whether the occurrence of cyclin D1
gene amplification and/or protein overexpression in benign breast tissue might identify women at
increasgd risk of subsequent breast cancer development. Cases were 92 women with a
histological diagnosis of benign breast disease who subsequently developed breast cancer. Five
controls (women with benign breast disease who had not developed breast cancer by the date of
diagnosis of the correqunding case) were selected randomly for each case from those non-cases
available within strata defined by screening center, NBSS study arm, year of birth, and age at
diagnosis of benign breast disease. Paraffin blocks of benign tissue were suitable for
immunostaining for 71 cases and 293 controls. Sufficient DNA for analysis was obtained from a
total of 356 subjects (69 cases, 287 controls). The benign breast tissues and breast cancers were
immunostained for cyclin D1and also analyzed for the presence of cyclin D1 gene amplification
by differential PCR. 15 cases and 60 controls showed evidence of cyclin D1 immunostaining,
and 12 cases and 29 controls showed cyclin D1 gene amplification. There was essentially no
association between cyclin D1 protein overexpression in benign breast tissue and risk of
subsequent breast cancer (adjusted OR = 1.06, 95% CI = 0.56-2.02). After adjustment for
potential confounding. there was a statistically non-significant 40% increase in risk of breast
cancer in association with cyclin D1 gene amplification (adjusted OR = 1.41, 95% CI = 0.62-
3.22). As multiple genetic changes are required to develop breast cancer, it may not be until the
cascade of molecular alterations leading to breast cancer development are known that

identification of biomarkers of breast cancer risk will be identifiad.

Key Words:  cvclin D1. gene amplification. protein overexpression, benign breast tissue
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INTRODUCTION

In non-tumourous cells, cyclin D1, together with the cyclins D2 znd D3, is involved in
regulating progression from G, to the S phase of the cell cycle (Barnes azd Gillett, 1998, Steeg
and Zhou, 1998) These cyclins form complexes with cdk4 or cdk6é which can then phosphorylate
the retinoblastoma (Rb) protein, resulting in the release of E2F transcription factors and allowing
cells to progress into the S phase. Cyclin D1 has other regulatory effects. Specifically, it has been
implicated in the replication and repair of DNA, as" it can bind to PCNA [proliferating cell
nuclear antigen] (Xiong et al., 1992), a protein involved in DNA synthesis, and cells that
overexpress cyclin D1 are unable to repair DNA damage induced by ultraviolet radiation
(Pagano et al., 1994). Experimentally, a transfected rat liver cell line tha: overexpresses cyclin
D1 showed an increased number of cells with CAD amplification, sugges=ng that under specific
conditions cyclin D1 may enhance gene amplification and contribute 0 genomic instability
(Zhou et al., 1996)

Given the multifarious effects of cyclin D1 on cell function anc genomic integrity, it
might be postulated that perturbations of normal cyclin D1 levels are re.ated to altered cancer
risk. (Zhou et al., 2000). Indeed, since cyclin D1 amplification and/or srotein overexpression
have been observed not only in breast can;er (Buckley et al., 1993, Zukerzerg et al., 1995, Zhang
et al., 1994, Frierson et al.. 1996, Barbareschi et al., 1997) but also in the ~utative early stages of
breast neoplasia (Weinstat-Saslow et al., 1995, Simpson et al., 1997, Alle 2t al., 1998, Zhu et al.,
1998. Gillett et al., 1998). it might be postulated that such changes cor=ibute to breast cancer
development. Therefore. in the cohort study reported here, we invsstigated whether the
occurrence of cyclin D1 gene amplification and ‘or protein overexpressiox in benign breast tissue

might identifv women at increased risk of subsequent breast cancer devei: >ment.
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MATERIALS AND METHODS

Subjects and Methods

The study methods have been described in detail elsewhere (Rohan et al., 1998). In brief,
the investigation was undertaken as a case-control study nested within the cohort of 4,888
women in the National Breast Screening Study (NBSS) who received a histopathologic diagnosis
of benign breast disease during the active follow-up phase of the NBSS. The NBSS is a multi-
center randomized controlled trial of screening for breast cancer in 89,835 Canadian women who
were recruited between 1980 and 1985, and who were followed actively until 1988 and passively
thereafter (Miller et al., 1981, Miller et al., 1992). Women were eligible to participate if they
were 40-59 years old and had no previous history of breast cancer (in situ or invasive).
Diagnosis of Breast Disease in the NBSS

In the NBSS, patients with clinical or radiological evidence of a lesion underwent either
needle aspirates or biopsies. For those subjects who had biopsies, the histological sections were
reviewed for study purposes by a reference pathologist. The study reported here was restricted to
subjects who had no evidence of breast cancer (in situ or invasive) in their initial surgical biopsy
as determined on review by an NBSS reference pathologist. Women with a history of previous
benign breast disease were not excluded from participation. The characteristics of the cohort
have been described previously (Rohan at al., 1998).
Ascertainment of Outcome

Incident cases of breast cancer were ascertained by record linkage with the provincial
cancer registries. and a death clearance was performed by linkage to the Canadian National
Mortality Database (Miller et al., 1992). The dates of the linkages varied by province, ranging

from the end of 1988 to early 1991.




Definition of Cases

Cases were the 92 women with 2 histological diagnosis of benign breast disease made by
a reference pathologist during the active follow-up phase of the NBSS and who subsequently
developed breast cancer. In this study, cancer was defined as any form of breast carcinoma:
there were 16 cases with ductal carcinoma in situ (DCIS) and 76 cases with invasive carcinoma.
Definition and Selection of Controls

| Coatrols were women with benign breast disease who had not developed breast cancer by

(but were alive at) the date of diagnosis of the corresponding case. Five controls were selected
randomly for each case from those non-cases available within strata defined by screening center,
NBSS stuZy arm, year of birth, and age at diagnosis of benign breast disease.
Questionnaires

A- the time of their enrolment in the NBSS, all participants completed a questionnaire
which sovzht data on potential breast cancer risk factors, including demographic characteristics,
family history of breast cancer, and menstrual and reproductive history.
Acquisition of Paraffin-embedded Blocks of Breast Tissue

F:: the present study, hospiwals and clinics storing the paraffin-embedded blocks of
benign a-d malignant tissue were asked to send one representative block per lesion and to
indicate -z fixative type and whether the tissue had been frozen prior to fixation. Blocks or
sections : . paraffin-embedded benign tissue were obtained for 74 (80.4%) of the 92 cases and for
349 (75.2%%) of the 460 controls; blocks or sections of malignant tissue were obtained for 62
(83.8%%) :7the 74 cases (Rohan et al., 1998).
Histopathology Review

<:ctions from the blocks received were reviewed and classified according to the criteria

developz: by Page and Anderson (Page and Anderson. 1987) and the recent consensus
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conference (Schwartz et al, 1997), without knowledge of the case-control status of the study
subjects.
Breast Cancer Cell Lines

The human breast carcinoma derived cell lines ZR-75-1, which has two to five-fold
amplification of cyclin D1 (Bartkova et al., 1994), MDA-MB-231, which shows no cyclin D1
gene amplification (Frierson et al, 1996), and T47D, which shows cyclin D1 overexpression
irnmuhohistochemically (Bartkova et al., 1994), were obtained from the American Type Culture
Collection (ATCC). The cells were grown in culture, harvested using trypsin - EDTA (Sigma
Chemical Co., St. Louis, MO). and centrifuged to form pellets. The cell pellets were placed in
3% bacto-agar (Difco Laboratories, Detroit, MI), fixed in 10% buffered formalin and then
embedded in paraffin. Five pm thick sections were cut and used as controls for the polymerase
chain reaction (PCR) and/or immunostaining.
Cyclin D1 Immunostaining

Immunostaining was performed as described previously (Zhu et.al., 1998). Briefly, tissue
sections which had been stored for up to three years underwent antigen retrieval (microwave
pretreatment in 10 mM citrate uffer, pH 6.0, for 15 minutes at a medium-high setting) and were
incubated overnight at 4°C with antibody reactive with cyclin D1 protein (monoclonal, dilution
1:2000; Upstate Biotechnology, Lake Placid, NY). After washing, the sections weré incubated
with biotinylated antimouse :mmunoglobulin G (dilution 1:200; Vector Laboratories) for 3C
minutes at room temperature. followed by avidin-biotin peroxidase complex (V ectastain Elite
ABC Kit; Vector Laboratories). Immunoreactivity was visualized with 3,3'-diaminobenzidine
(Vector), and the sections we:z counterstained briefly with hematoxylin. T47D cells embeddec
in paraffin served as the pesitive control. The negative control consisted of replacing the

primary antibody with Tris-buffered saline or nonimmune mouse serum (DAKO, Carpinteria.
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CA). Distinct nuclear staining in greater than 1% of epithelial cells indicated a positive reaction
and cytoplasmic staining was considered nonspecific and interpreted as negative.

Determination of Cyclin D1 Gene Amplification

Tissue microdissection: Five um sections were stained briefly with hematoxylin to visualize the
epithelium. The sections were matched to the corresponding immunostained sections. The
epithelium in the area of the tissue corresponding to that which had shown cyclin D1
immuﬁoreactivity was microdissected out and placed in a microfuge tube. If the tissue had
shown no immunostaining for cyclin D1 the corresponding section underwent random
microdissection of epithelium. DNA was extracted by incubating the microdissected tissue in
buffer (50 mM Tris-HCl, pH 8.5, 10 mM EDTA, 0.5% Tween 20) containing 0.5 mg/ml of
proteinase K (Sigma Chemical Co, St. Louis, MO) at 55°C for 48 hours. The proteinass K was |
then inactivated by heating at 95°C for 15 minutes.

Differential polymerase chain reaction: Semiquantitative differential polymerase chain reaction
(PCR) was used to determine the presence of cyclin D1 gene amplification (Zhu et al., 1998). As
fragmented genomic DNA (<200 bp) may influence the results of differential PCR, interferon
(5IFN), which is a single copy gene, was analyzed in a multiplex PCR reaction in order to
indirectly assess DNA quality first, as described previously (Zhu et al., 1998, Frye et al., 1989,
Neubauer et al., 1992). If the y-IFN82/y-IFN150 ratio of the PCR products was three or ‘ess, the
tissue was considered suitable for further analyvsis. For such cases. aliquots of the protzinase K
digested tissue were then examined for cyclin D1 amplification using PCR. If chromosomal
aneuploidy is present within the tissue it might simulate amplification, resulting ir a false
positive result. To prevent this we selected the dopamine receptor (DR) for co-amplificaton, as it
is present on the same chromosome as ¢yclin D1 (Grandy et al., 1989, Gramlich et al.. 1594), vet
of sufficient distance from cyclin D1 tha: it is unlikely to be part of an amplified amplicen. Each
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run included DNA extracted from paraffin-embedded cell lines, MDA-MB-231 (negative
control) and ZR-75-1 (positive control).

Briefly, 1 ul of the digest was mixed with 14 pl of PCR working solution containing 50
mM Tris HC, pH 8.3, 50 mM KCl, 1.5 mM MgCl;, 0.01% gelatin, 100 uM of each dNTP, 1 U
of AmpliTag DNA polymerase (Roche Diagnostic Systems Inc., Branchburg, NJ) and 0.4 pM of
each primer. The primers and PCR conditions are shown in Table 1. The PCR products were
separafed on a 12% polyacrylamide gel at 200V for two hours and visualized following ethidium
bromide staining. DNA from each sample was analyzed at least twice in separate polymerase
chain reactions. Samples showing reproducible amplification of cyclin D1, then underwent a
third PCR which included samples of DNA that had been extracted from the subject's breast
stromal tissue. As cyclin D1 is not amplified in this tissue, it served as an internal control for the
presence of cyclin D1 amplification in the breast epithelium. Direct sequencing of selected PCR
products using the sense primer and the ThermoSequenase radiolabelled terminator cycle
sequencing kit (Amersham Life Sciences, Cleveland, Ohio, USA) confirmed that the product
was cyclin D1 as described previously (Zhu et al., 1998).
Quantification of cyclin D1 amplification: To determine whether there was cyclin D1 gene
amplification, the ratio of the cyclin D1 PCR product to the DR PCR product was derived from
photographic negatives of ethidium bromide stained gels. The bands were quantified by laser
densitometry (Computing Densitometer Model 300A, Molecular Dynamics. Sunnyvale, CA).
There were at least two gels per PCR product and each gel was scanned two times. A mean ratio
of cyclin DI to DR of greater than 0.88 was considered indicative of gene amplification. This
value was determined by identifying the point two standard caviations above the average of the

ratios (n=93) obtained from the control cell line, MDA-MB-231. that had no gene amplification.




c-erbB-2 Protein Overexpression and p53 Protein Accumulation

Immunostaining for c-erbB-2 and p53 was performed as described previously (Rohan et
al.. 1998).
Statistical Analysis

Odds ratios (OR) and 95 percent confidence intervals (CI) for the associations between
cyclin I?l protein overexpression and gene amplification and risk of breast cancer were obtained
from conditional logistic regression models (Breslow and Day, 1980). Adjusted odds ratio
estimates were obtained by including terms represen'ting the following potential confounders in
the regression models: history of breast cancer in a first degree relative, age at menarche. age at
first live birth, menopausal status (pre-, peri-, and post-menopausal), body mass index
(weight( kg)/height(m)z), and hyperplasia (ductal or lobular, with or without atypia). For
categorical variables, tests for trend (on one degree of freedom) in associations were performed
by fitting the categorized variables as continuous variables in conditional logistic regression
models. Further analyses included within individual comparisons of cyclin D1 in benign breast

disease and breast cancer. All statistical tests were two-sided.




RESULTS

As described previously (Rohan et al., 1998), blocks of benign tissue were obtained for
74 (80.4%) of the 92 cases and for 349 (75.9%) of the 460 controls; however, blocks were
stained for 309 of the controls only, since for 40 controls benign tissue was not obtained for the
corresponding case. For three cases and 15 controls, the benign tissue was inadequate for
irnmunphistochemical analyses, and therefore the statistical analyses were based on 71 cases and
293 controls. DNA was extracted from paraffin blocks and yielded sufficient DNA suitable for
analysis in a total of 356 subjects (69 cases, 287 controls).

As shown previously (Rohan et al., 1998) in this study population, risk of breast cancer
was altered little in association with a family history of breast cancer, age at menarche, age at
first livebirth, menopausal status, Qustelet's index, and the presence of hyperplasia in benign
tissue. However, the patterns of risk were mostly in accord with expectation. Also, there were
few differences between those subjects for whom benign tissue was and was not obtained with
respect to their distributions by breast cancer risk factors.

Of the subjects whose benign tissue was suitable for immunohistochemical analysis, 15
cases and 60 controls showed eviderce of cyclin D1 immunostaining (Figure 1 and Table 2).
There was essentially no association between cyclin D1 protein overexpression in benign breast
tissue and risk of subsequent breast cancer, and there was little variation in risk by the percentage
of cells showing immunostaining. Twelve cases and 29 conTols showed cyclin DI gene
amplification (Figure 2 and Table 2% After adjustment for potential confounding, there was a
statistically non-significant 40% increase in risk of breast cancer in association with cyclin D1
gene amplification. For those with huperplasia and cyclin D1 immunostaining, the adjusted OR
was 1.66 (95% CI = 0.75-3.71); for tose with hyperplasia and cyclin D1 gene amplification, the

adjusted OR was 1.55 (93% Cl = 0.52-4.69). Compared to those with neither cyclin D1
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immunos:zining nor cyclin D1 gene amplification, the adjusted OR (95% CI) for those with
either or Hoth of these changes“were 1.47 (0.71-3.03) and 0.99 (0.34-2.90), respectively. As
estrogens regulate cyclin D1 expression (Prall OW et al, 1998) cyclin D1 levels might vary
during the mens@al cycle. However, additional adjustment for days since last menstrual period
had little =ffect on the odds ratio reported in table 2 (data not shown).

.After exclusion of the 19 cases (and their matched controls) whose diagnosis of breast
cancer occurred within one year of their diagnosis of benign breast disease, the adjusted OR
(95% CI; for the associations between cyclin D1 pro.tein overexpression and gene amplification
and risk of breast cancer were 1.15 (0.53-2.50) and 2.27 (0.90-5.71), respectively. When the
analyses were restricted to the matched case-control sets containing cases with invasive breast
cancer (that is, after exclusion of the 14 cases with DCIS and their matched controls), the
adjusted OR for cyclin D1 immunopositivity was 1.29 (95% CI = 0.58-2.87), while the adjusted
OR for cvclin D1 gene amplification was 1.79”(95% CI = 0.66-4.86). Also, when the 23 cases
whose benign and malignant lesions occurred in opposite breasts were excluded, the adjusted
ORs for cyclin D1 immunopositivity and gene amplification were 1.08 (95% CI = 0.47-2.48;
and 1.55 95% CI = 0.53-4.52), respectively. As well, the results for cyclin D1 immunostaining
and gene amplification did not differ between strata defined by age, menopausal status, NBSS
study ar—. history of previous breast disease, and whether the benign breast disease was screer-
detectec :rinterval detected.

As described elsewhere (Rohan et al., 1998), risk of breast cancer was increased in thosz
with pesitive immunostaining for pS3 in their benign breast tissue but not in those with
immuncs:aining for c-erbB-2. When risk was examined according to the number of markers fe-
which prositive immunostaining was observed (relative to the risk in those with negative

immuncsaining for all three markers), the adjusted OR (93% CI) associated with positive
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immunostaining for one only and for two or more markers (only one case and one control had
positive immunostaining for all three markers) were 1.19 (0.63-2.23) and 0.96 (0.33-2.81),
respectively.

Table 3 shows the concordance between the immunohistochemical and gene
amplification findings for the benign and malignant tissue for the cases. Of the 39 subjects who
were n'egative for cyclin D1 protein overexpression in their benign tissue, about 31% (12/39)
showed evidence of overexpression in their malignant tissue; four (28.6%) of the 14 subjects
with immunostaining in their benign tissue had car;cers which did not show immunostaining.

For gene amplification, the corresponding values were 21.2% (7/33) and 77.8% (7/9).

DISCUSSION

Cyclin D1 gene amplification and/or protein expression has been detected in non-
cancerous breast tissue. Breast epithelium that is either normal or has changes of benign breast
disease, including breast papillomas, can show cyclin DI protein overexpression
immunohistochemically (Alle et al., 1998, Zhu et al., 1998, Gillett et al., 1998, Saddik et al.,
1999). The frequency of cyclin D1 protein overexpression is greater in proliferative disease with
atypia than in normal epithelium or in the presence of proliferative disease without atypia, as
demonstrated in two studies (Alle et al., 1998, Zhu et al., 1998). In one of those studies (Zhu et
al.. 1998), cyclin D1 gene zmplification was also examined and was detected in normal and
benign breast tissue. In an in-situ hybridization study, 18% of benign breast lesions showed
cvelin D1 mRNA overexpression (Weinstat-Saslow et al., 1995). Cyclin D1 gene amplification
and overexpression, as well as protein accumulation, can also occur in ductal carcinoma in situ
(DCIS) (Weinstat-Saslow et al., 1995, Simpson et al., 1997, Alle er al., 1998. Zhu et al., 1998,

Gillett et al., 1998) and breast cancer (Bucklev et al., 1993, Zukerberg et al.. 1995, Zhang et al.,
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1994, Frierson et al., 1996, Barbareschi et al., 1997). In the latter. cyclin D1 accumulaion, as
detected immunohistochemically, has been observed in up to 81% of cases (Zukerberg et al..
1995) and gene amplification has been observed in between 11 and 23% of cases (Zhang et al..
1994, Frierson et al 1996, Lammie et al., 1991, Worsley et al., 1996, Courjal et al., 1996;. In the
present study cyclin D1 gene amplification and protein overexpression were detected iz breast
tissues' at similar frequencies to those reported by others. However, we did not observe
associations between the presence of either or both p’f these cyclin D1 alterations and breast
cancer risk. Furthermore, the presence of either' cyclin D1 amplification and/or protein
overexpression in combination with epithelial hyperplasia was not associated with altered risk.
There were too few cases of epithelial hyperplasia with atypia to permit a statistically mezaningful
evaluation of risk in association with this histological abnormality and cyclin D1 changes.

The benign breast tissue of 75 subjects showed positive immunostaining whereas the
benign tissue of only 41 subjects showed gene amplification. The lack of correlation between
cyclin D1 gene amplification and protein overexpression has been described previously (Frierson
et al., 1996, Simpson et al., 1997, Zhu et al., 1998, Worsley et al., 1996, Pelosio et al., 1996). It
has been suggested that mechanisms other than gene amplification, such as post-transcr.stional
or post-translational mechanisms, could cause increased levels of cyclin D1 protein (Simpson et
al., 1997, Worsley et al., 1996). For example, accumulation of cyclin D1 protein caz occur
because of transactivation of the cyclin D1 promoter by (3-catenin (Lin et al., 2000). or 1=.:reased
stability of the protein, as has been demqnstrated in human uterine sarcomas (Welcke: et al..
1996), or decreased proteolysis, as has been shown to occur in the MCF-7 breast cancer :zll line
(Russell et al.. 1999). The mechanism(s) causing cyclin D1 protein overexpressio= in the

absence of gene amplification in these breast tissues is unknown.




It is possible that the methodology used in this study influenced the results. The
differential PCR assay used to determine whether gene amplification was present was assessed
previously for sensitivity and reproducibility (Zhu et al., 1998). Although a different
housekeeping gene was used} in that study, the results suggested that differential PCR is
appropriate for determining whether the cyclin D1 gene is amplified and that it is sufficiently
sensitiye to detect two-fold gene amplification. In addition, other studies have utilized this
approé,ch for semiquantitation of gene amplification (N'akagawa et al., 1995, Suzuki et al., 1998,
Schneeberger et al., 1998). In terms of the immunos;aining, the methodology that was used may
have resulted in an underestimation of the number of subjects overexpressing cyclin D1. It has
been shown that the type and duration of tissue fixation, the sensitivity of the antibody, and the
extent of tissue sampling may influence the sensitivity of immunohistochemistry (Rohan et al.,
1998. Elias 1990). Also, given that the controls were women with biopsy proven benign breast
disease and that their risk for subsequent breast cancer is higher than women without benign
breast disease (Page DL and Anderson TJ, 1987) it is possible that we underestimated the
magnitude of the association between cyclin D1 gene overexpression or protein accumulation
and breast cancer risk.

Other than methodological limitations, there are several possible reasons why cyclin D1
changes were not associated with altered breast cancer risk. First, recent experimental data
suggast that cyclin D1 is not a dominant oncogene but requires the presence of other oncogenes
to form tumors (Barnes and Giliett, 1998). For example, transformation of BRK cells occurred
wher cyclin D1 was transfected together with the adenovirus E1A oncogene (Hinds et al., 1994)
and ransformation of rat fibroblasts by cyclin D1 required the presence of Ha-ras (Lovec et al.,
1992). Also, transgenic mice containing cyclin D1 linked to an immunoglobulin enhancer rarely

deveioped lymphoma until the mice were crossed with mice expressing the myc transgene
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(Bodrug et al., 1994). Secondly, the quantification of cyclin D1 gene amplification suggested
that the level of amplification in the benign tissue was in the range of that observed in the ZR-75-
1 cell line, which shows two to five-fold amplification. This low level of amplification may be
insufficient to affect cell proliferation. Thirdly, the effect of cyclin D1 on the cell cycle is
controversial, as stable transfection of cyclin D1 intoc HBL-100, a mammary epithelial cell line,
resultgd in longer doubling time, an increased percentage of cells in S phase, and decreased
tumorigenesis (Han et al., 1995). This is different frpm the effect observed for rat fibroblasts,
suggesting that the effect of cyclin D1 overexpress;on may be dependent on the cell type and
which other genes are expressed (Jiang et al., 1993). Fourthly, the presence of increased cyclin
D1 mRNA levels (Utsumi et al., 2000) or moderate to strong staining for cyclin D1 (Gillett et al.,
1996) in breast cancer has been associated with a better prognosis, an observation that raises the
possibility that cvclin D1 may not be involved in the pathogenesis of breast cancer.

In conclusion, in this study cyclin D1 amplification and/or protein overexpression in
normal or benign breast tissue were not associated with increased risk of developing breast
cancer. As experimental evidence suggests that cyclin D1 requires other oncogenes to induce
tumorigenesis, assessment of cyclin D1 alterations alone may not be sufficient to identify women
at increased risk of breast cancer. Instead, it may not be until the cascade of molecular
alterations leading to breast cancer development (Beckmann et al., 1997, Ingvarsson, 1999) are

known that the putative role of cyclin D1 in this process can be identified.
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FIGURE LEGENDS
Figure 1

Nuclear immunostaining for cyclin Dl () in scattered benign epithelial cells
(immunoperoxidase with hematoxylin counterstain, magnification x 640).
Figure 2

'Ethidium bromide stained gel of cyclin D1 (CD1) and dopamine receptor (DR) from 15
subjects. For 2 subjects, corresponding stromal tissue (S), which did not contain any breast
epithelium, was also analyzed as a control (ZR=ZI;-75-1; MD=MDA-MB-231, 100bp = size

ladder).

16




REFERENCES

Alle KM, Henshall SM, Field AS, Sutherland RL. (1998;. Cyclin D1 protein is overexpressed in
hyperplasia and intraductal carcinoma of the breast. Clin. Cancer Res.. 4, 847-834.

Barbareschi M, Pelosio P. Caffo O, Buttitta F, Pellegrini S. Barbazza R, Dalla Palma P,
Bevilacqua G, Marchetti A. (1997). Cyclin D1-gene amplification and expression in breast
carcinoma: relation with clinicopathologic characteristics and with retinoblastoma gene
product, p53, and pZI“Aﬂ immunohistochemical expression. Int J. Cancer, 74, 171-174.

Bames DM, Gillett CE. (1998). Cyclin D1 in breast cancer. Breast Cancer Res. Treat., 52, 1-15.

Bartkova J, Lukas J, Miiller J, Lutzheft D, Strauss M, Bartek, J. (1994). Cyclin D1 protein
expression and function in human breast cancer. Int. J. Cancer, 57, 353-361.

Beckmann MW, Niederacher D, Schniirch HG, Gusterson BA, Bender HG. (1997). Multistep
carcinogenesis of breast cancer and tumour heterogeneity. J. Mol. Med., 75, 429-439.

Bodrug SE, Wamner BJ, Bath ML, Lindeman GJ, Harris AW, Adams JM. (1994). Cyclin D1
transgene impedes lymphocyte maturation and collaborates in lymphomagenesis with the
myc gene. EMBO J, 13,2124-2130.

Breslow NE, Day NE. Statistical methods in cancer research. Vol I, No. 32. (1980). Lyon: IARC
Scientific Publications.

Buckley MF, Sweeney KJE, Hamilton JA, Sini RL, Manning DL, Nicholson RI, deFazio A,
Watts CKW, Musgrove EA, Sutherland RL (1993). Expression and amplification of cyclin

" genes in human breast cancer. Oncogene, 8, 2127-2133.

Courjal F, Louason G, Speiser P, Katsaros D, Zeillinger R, Theillet, C. (1996). Cyclin gene
amplification and overexpression in breast and ovarian cancers: evidence for the selection of
cyclin D1 in breast and cyclin E in ovarian tumors. Inz. J. Cancer, 69, 247-253.

Elias JM.(ed.) (1996). Immunohistopathology. A Practical Approach to Diagnosis. ASCP Press:
Chicago.

Frierson HF Jr, Gaffey MJ, Zukerberg LR, Amold A, Willlams ME (1996).
Immunohistochemical detection and gene amplification of cyclin D! in mammary
infiltrating ductal carcinoma. Mod. Pathol., 9, 725-730.

Frye RA, Benz CC, Liu E (1989). Detection of amplified oncogenes by differential polymerase
chain reaction. Oncogene. 4, 1153-1157.

Gillett C, Smith P, Gregory W, Richards M, Millis R, Pe:zrs G, Barnes D. (1996). Cyclin D1 and
prognosis in human breast cancer. Int. J. Cancer, 69, 92-99.

Gillett CE, Lee AHS, Millis R.R., Barnes DM. (1998). Cyclin DI and associated proteins in
mammary ductal carcinoma in situ and atypical ductzi hyperplasia. J. Pathol., 184, 396-400.

~ Gramlich TL, Fritsch CR, Maurer D, Eberle M, Gansler TS. (1994). Differential polymerase
chain reaction assay of cyclin D1 gene amplificatioz in esophageal carcinoma. Diagn. Mol.
Pathol., 3,255-259.

Grandy DK, Marchionni MA, Makam H, Stofko RE, Alfano M., Frothingham L, Fischer JB.
Burke-Howie KJ, Bunzow JR, Server AC, Civelli O. (1989). Cloning of the cDNA and gene
for a human D, dopamine receptor. Proc. Natl. Acad. Sci. US4 , 86, 9762-9766.

Han. EK-H, Sgambato A. Jiang W, Zhang Y-J, Santell: RM, Doki Y, Cacace AM, Schieren [.
Weinstein IB. (1993). Stable overexpression of cyciin D1 in a human mammary epithelial
cell line prolongs the S-phase and inhibits growth. Oncogene.10, 953-961.

Hinds PW, Dowdy SF, Eaton EN, Amold A, Weinberg RA. (1994). Function of a human cyclin
gene as an oncogene. Proc. Natl. Acad. Sci. USA, 91.709-713.

Ingvarsson S. (1999). Molecular genetics of breast cancer progression. Sem. Cancer Biol., 9.
277-288.

17




Jiang W. Kahn SM, Zhou P, Zhang Y-J, Cacace AM, Infante AS, Doi S, Santella RM,
Weinstein IB. (1993). Overexpression of cyclin D1 in rat fibroblasts causes abnormalities in
growth control, cell cycle progression and gene expression. Oncogene, 8, 3447-3457.

Lammie GA. Fantl, V, Smith R, Schuuring E, Brookes S, Michalides R, Dickson C, Amold A,
and Peters G. (1991). G. D11S287, a putative oncogene on chromosome 11q13, is amplified
and expressed in squamous cell and mammary carcinomas and linked to BCL-1. Oncogene,
6, 439-444.

Lin S-Y, Xia W, Wang JC, Kwong KY, Spohn B. Wen Y, Pestell RG, Hung M-C. (2000).
B-Catenin, a novel prognostic marker for breast cancer: Its roles in cyclin D1 expression and
cancer progression. Proc. Nat'l Acad. Sci., 97, 4262-4266.

Lovec H, Sewing A, Lucibelo FC, Muller R, Moroy T. (1994). Oncogenic activity of cyclin D1
revealed through cooperation with Ha-ras: link between cell cycle control and malignant
transformation. Oncogene, 9, 323-326. o

Miller AB, Baines CJ, To T, Wall C. (1992). Canadian National Breast Screening Study. L
Breast cancer detection and death rates among women aged 40 to 49 years. II. Breast cancer
detection and death rates among women aged 50 to 59 years. Can. Med. Assoc. J., 147,
1459-1488.

Miller AB, Howe GR, Wall C. (1981). The national study of breast cancer screening protocol for
a Canadian randomized controlled trial of screening for breast cancer in women. Clin.
Invest. Med., 4,227-258.

Nakagawa H, Zukerberg L, Togawa K, Meltzer SJ, Nishihara T, Rustgi AK. (1995). Human
cyclin D1 oncogene and esophageal squamous cell carcinoma. Cancer, 76, 541-549.

Neubauer A, Neubauer B, He M, Effert P, Iglehart D, Frye RA, Liu E. (1992). Analysis of gene
amplification in archival tissue by differential polymerase chain reaction. Oncogene 7, 1019-
1025. _

Pagano M, Theodoras AM, Tam SW, Draetta GF (1994). Cyclin D1-mediated inhibition of
repair and replicative DNA synthesis in human fibroblasts. Genes Dev., 8, 1627-1639.

Page DL, Anderson TJ. (eds.) (1987). Diagnostic Histopathology of the Breast. Churchill
Livingstone: Edinburgh.

Pelosio P, Barbareschi M, Bonoldi E, Marchetti A, Verderio P, Caffo O. Bevilacqua P, Boracchi,
P, Buttita F, Barbazza R, Dalla Palma P, Gasparini G. (1996). Clinical significance of
cyclin D1 expression in patients with node-positive breast carcinoma treated with adjuvant
therapy. Ann. Oncol., 7, 695-703.

Prall OW, Rogan EM, Sutherland RL (1998) Estrogen regulation of cell cycle progression in
breast cancer cells. J Steroid Biochem Mol Biol., 65,169-174.

Rohan TE, Hartwick W, Miller AB, Kandel RA. (1998). Immunohistochemical detection of c-
erbB-2 and p53 in benign breast disease and breast cancer risk. J. Natl. Cancer Inst., 90,
1262-1269.

Russell A. Thompson MA, Hendley J, Trute L, Armes J, Germain D. (1999). Cyclin D1 and D3
associate with the SCF complex and are coordinately elevated in breast cancer. Oncogene,
18: 1983-1991.

Saddik M. Lai R, Medeiros LI, McCourty A, Brynes,RK. (1999). Differential expression of
cyclin D1 in breast papillary carcinomas and benign papillomas. Arch. Pathol. Lab. Med.,
123. 152-156.

Schneeberger C, Eder S, Swoboda H, Ullrich R, Zeillinger RA. (1998). Differential PCR system
for the determination of CCNDI1 (cyclin D1) gene amplification in head and neck squamous
cell carcinomas. Oral Oncol., 34, 257-260.

18




Schwartz GF, Lagios, MD, Carter D, Connolly J, Ellis 10, Eusebi V, Finkel GC, Gorstein F,
Holland R, Hutter RVP. (1997). Consensus conference on the classification of ductal
carcinoma in situ. Hum. Pathol., 28, 1221-1224.

Simpson JF, Quan DE, O'Malley F, Odom-Maryon T, Clarke PE. (1997). Amplification of
CCNDI1 and expression of its protein product, cyclin D1, in ductal carcinoma in situ of the
breast. Am. J. Pathol., 151, 161-168.

Steeg PS, Zhou Q. (1998). Cyclins and breast cancer. Breast Cancer Res. Treat., 52, 1728.

Suzuki H, Moriya J, Nakahata A, Fujioka Y, Inoue K, Nagashima K. (1998). Cyclin D1 gene
amplification in esophageal carcinosarcoma shown by differential polymerase chain
reaction. Hum. Pathol., 29, 662-667.

Utsumi T, Yoshimura N, Maruta M, Takeuchi S, Ando J, Mizoguchi Y, Harada N. (2000).
Correlation of cyclin D1 mRNA levels with clinico-pathological parameters and clinical
outcome in human breast carcinomas. Int. J. Cancer (Pred. Oncol.): 89, 39-43.

Weinstat-Saslow D, Merino MJ, Manrow RE, Lawrence JA, Bluth RF, Wittenbel KD,
Simpson, JF, Page DL, Steeg PS. (1995). Overexpression of cyclin D mRNA distinguishes
invasive and in situ breast carcinomas from non-malignant lesions. Nat. Med,, 1, 1257-1260.

Welcker M, Lukas J, Strauss M, Bartek J.(1996). Enhanced protein stability: a novel mechanism
of D-type cyclin over-abundance identified in human sarcoma cells. Oncogene, 13, 419-425.

Worsley SD, Jennings BA, Khalil KH, Mole M, Girling AC. (1996). Cyclin D1 amplification
and expression in human breast carcinoma: correlation with histological prognostic markers

~ and oestrogen receptor expression. J. Clin. Pathol. Mol. Pathol., 49, M46-M50.

Xiong Y, Zhang H, Beach D. (1992). D type cyclins associate with multiple protein kinases and
the DNA replication and repair factor PCNA. Cell, 71, 505-514.

Zhang S-Y, Caamano J, Cooper F, Guo X, Klein-Szanto AJP. (1994). Immunohistochemistry of
cyclin D1 in human breast cancer. Am. J. Clin. Pathol., 102, 695-698.

Zhou P, Jiang W, Weghorst CM, Weinstein IB. (1996). Overexpression of cyclin D1 enhances
gene amplification. Cancer Res., 56, 36-39.

Zhou Q, Wulfkuhle J, Ouatas T, Fukushima P, Stetler-Stevenson M., Miller FR, Steeg, PS.
(2000). Cyclin D1 overexpression in a model of human breast premalignancy: preferential
stimulation of anchorage-independent but not anchorage-dependent growth is associated
with increased cdk2 activity. Breast Cancer Res. Treatment, 59, 27-39.

Zhu XL, Hartwick W, Rohan T, Kandel R. (1998). Cyclin D1 gene amplification and protein
expression in benign breast disease and breast carcinoma. Mod. Pathol., 11, 1082-1088.
Zukerberg LR, Yang W-1., Gadd M, Thor AD, Koemer FC, Schmidt EV, Arold A. (1995).
Cyclin D1 (PRADI) protein expression in breast cancer: approximately one-third of
infiltrating mammary carcinomas show overexpression of the cyclin D1 oncogene. Mod.

Pathol., 8, 560-567.

19




114

£ VDOLLLLOLOVOVI)LILDD-S
‘atur | ‘D,0S ‘un | ‘Q,66 ‘S9J04d O dq zg £-LODLOLOLLYVYVIIDVOVID-S
£-DLDOVDILLOLODLYDOOLD-S

RULLUE e WITSM UL B W E R G X Ty dq o¢1 L-LDDVIEVOOIDLLIDLLLEDLS

utw | 9,¢L
N4100

u | °9,CL

NATETE
£-DDLOVIOLLOVLIOVLVOODLDOD-S

101d209y]

Ul | ‘D7, Ui | ‘0,66 Ut | ‘D66 $3J94d Of dqgrl  £-DLVLIODLIOOLOLILYVDLOVOD-S  dunuedoy
£-OVIOVODLIOLLIDLIOVOOVI-S

: uiw |

‘Dpll UIW | OGS ‘U | D56 “SII4D OF dq zs1 £-VVDIDLODLOILIDLIDVIIV-S 1 uek)

(dq)ozis
suonipuo) ¥Dd PNnpoag sasuanbog S ]

SUONIPUOD YD) pur saauanbas 1dwr g | aqe,



Table 2. Association between cyclin D1 gene amplification or protein overexpression and risk

of breast cancer

Aspect of Aspect Level No. No. Unadjusted Adjusted
staining cases' controls OR (95%CI)® OR (95%CI)°
Immuno- Presence Absent 56 233 1¢ 1°
staining Present 15 60 1.07(0.56-2.03) 1.06 (0.56-2.02)

%cells  Absent 56 233 14 14

immuno-

positive <10 11 41 1.14 (0.55-2.38) 1.08 (0.49-2.37)

>10 4 19 0.91 (0.29-2.89) 1.04 (0.31-3.48)

Gene Presence Absent 57 258 19 1¢
amplification Present 12 29 1.67 (0.78-3.58) 1.41(0.62-3.22)

*Unmatched distributions (matched odds ratios cannot be calculated directly from these

numbers).

bAcijusted for matching factors only (using conditional logistic regression).
“Adjusted for hyperplasia, age at menarche, age at first livebirth, menopausal status, Quetelet’s
index, and history of breast cancer in a first degree relative. OR = odds ratio, CI = confidence

interval.
4 Reference category.




Table 3. Concordance between'-cyclin D1 immunostaining and gene amplification results for
benign and malignant disease

Aspect Percent Percent negative  Percent positive Percent
negative on benign, on benign, positive
on benign and positive negative on benign and
cancer (No.)”b on cancer (No.) on cancer (No.) cancer (No.)
Immuno- 50.9 (27) 22.6 (12) 7.5(4) 18.9 (10)
staining '
Gene 61.9 (26) 16.7 (7) -~ 16.7(7) 4.8 (2)
amplification

Percentages are percent of all subjects for whom both benign and malignant tissue was
available.

POf the 62 cases for whom blocks of benign and malignant tissue were obtained, 2 blocks of
benign tissue and 7 of blocks of malignant tissue were unsuitable for analysis. For the analysis
of gene amplification, the tissue was inadequate for analysis for 7 cancers and no DNA was
extracted from 4 cancers.
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ABSTRACT

Mutations of the p33 gene are one of the most common genetic changes found in cancer
and their presence may be prognostic and even influence treatment for breast cancer. In this
study we investigated whether DNA could be extracted from the residual cells left in ThinPrep®
processed breast fine needle aspirates and whether p33 gene changes could be detected ir the
DNA. The results were then correlated with DNA extracted from the matched formalin-fixed.
paraffin-embedded. surgically resected breast cancer when available. DNA was successTully
extracted from 54 of 62 aspirates and all 31 surgical specimens. p33 gene mutations w.ere
detected in 10 of the 54 cytology specimens (18.5%) and consisted of base pair substitutiors or
deletions. Silent or intronic p33 changes were found in five additional aspirates. One o the
aspirates had 2 gene alterations resulting in a total of 6 gene changes. Five of these changes were
located in introns 6 or 9 and the sixth was a silent (no aminc acid change) change in exon 6. p33
polymorphisms were detected in 9 aspirates (16.3% and were located in codon 47 (one aspizate).
codon 72 (six aspirates) and codon 213 (two aspirates). All cases with surgical material avaiiable
showed identical p33 mutations. alterations and polymorphisms in the resected tumors when
compared to those detected in the corresponding aspirates. The results of this study shov. that
DNA suitable for analvsis of p33 gene sequence changes cin be successfully extracted rom
ThinPrep® processed breast FNAs. and that identical alterations are detected in boi= the
cytology and surgical specimens.

KEY WORDS: ThinPrep®. fine needle aspiration. breast carcer. p33 mutation
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INTRODUCTION

Mutations of the p53 gene are amongst the most common molecular changes detected in
human cancers (1). Experimental studies have shown that functional p33 is required for the in
vitre cytotoxic action of some chemotherapeutic agents (2) The presence of p53 mutations is
associated with an increased chemoresistance to doxyrubicin in breast cancer patients (3) and
may be involved in the development of multidrug resistance (4). Clinical studies have shown that
brezst cancers that contain p353 gzne mutations are associated with decreased disease-free and
overall survival (3.5-9). These results suggest that the presence of p53 mutations might provide
proznostic information and influence the treatment of the breast cancer.

Fine-needle aspiration (FNA) of the breast is a safe. effective method for diagnosing
breast cancer with minimal intervention and complications (10.11). As reviewed by Bédard et
al.. “ar the detection of carcinoma. it has a sensitivity ranging from 74% to 97% and a specificity
ranzing from 82% to 100% (12+ ThinPrep? processed and conventionally processed breast
FN+ have been shown to have similar diagnostic accuracy (12). In addition.
im~unohistochemistry (13.14) and molecular analysis (13-17) have been successfully applied to
Thi=Prep® processed specimens.

As FNA is often the initial sampling of the tumor. it could be a source of cells for the
ear detection of p33 mutations. In this study. we examined whether p33 mutations could be
de:=cted in the cells present in thz residual r.uid from ThinPrep€ processed breast FNAs. When
avziable the corresponding para-fin-embedced surgically resected tissue was also analyzed for

p3> mutations and the results were correlatec.
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MATERIALS AND METHODS
Specimen Acquisition, Clinical History and Pathology Review:

Cvtology reports from November 1997 to April 1999 in the files of Mount Sinai Hospi:al
were reviewed. Of the cases diagnosed as positive or suspicious for malignancy. DNA could e
extracted from 34 of 62 specimens of ThinPrep® processed breast FNA obtained from 62
different women. In cases where DNA was successfully extracted from the cytology fluid t:e
surgical patholozy records were reviewed to determine whether there was a corresponding brezst
tumor specimen. Formalin ﬁxed paraffin-embedded tissue was available for 31 women. C linical
details and tumor characteristics were obtained from surgical reports. The breast cancers were
graded according to the Elston's Modified Bloom and Richardson criteria (18). In 30 of the >1
surgical specimens. the tumor was removed after the cytology specimen. On average e
specimen was removed 33 days after the FNA (range 8 — 72 dayvs). In one case the FNA v.as

from a tumor recurrence in the scar 6 weeks after the mastectomy.

p33 Molecular Analysis:

DNA Exmractior:

Cytology: After completing the cytological examination the residual preservative fuid
(PreservCyt® solution. Cyvtye Corporation. Boxborough. MA.) was stored at 4°C for up = 3
months. The iuid was centrifuged at 4000 g and the supernatant removed. DNA was extraczad
from the remaining cells using TriZol® (GibcoBRL. Rockville. MD). DNA extraction "+as
performed according to the manufacturer's instructions for cells grown in suspension. The DNA
was stored at 47 C until used for analysis.

Surgical Specim:ens: Five um sections were cut from the paraftin blocks and stored for up =2 2

weeks. Prior 1o microdissection the sections were dewaxed and sizined briefly with hematox: ‘in.

i
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A representative portion of the tumor containing minimal numbers of stromal and inflammatory
cells was microdissected and place? in a microfuge tube. The tissue was digesied with
proteinase K (0.5 mg/ml in 50 mM TrsHCIL. pH 8.5. 10 mM EDTA. 0.5% Tween 20) for at least
48 hours at 55°C (19). The proteinase K was inactivated by heating at 95°C for 15 minutes. The
DNA was stored at -20°C for up to 3 wks until further analyzed.
Polvmerase Chain Reaction- Single Swand Conformational Polymorphism Analysis.

A 1lul aliquot from each samr.2 was added to 14 ul of PCR solution containing 1.5 mM
CaCl- 20 mM Tris HCI (pH 8.0), 3¢ =M KCl. 0.25 uM of each primer. 0.1 mM of eaca dNTP.
1U Taq DNA polymerase (GibcoBR™. Rockville, MD). and 2 uCi [a-”’ P]-dATP. The primers
and the cvcling conditions for each exon are listed in Table 1. The reaction product wzs run on
an 8% non-denaturing polyacrylamide gel and the gel was processed for autoradiography
(20.21). Potential mutations were de:zcted by shifts in band mobility. If there was no band shift.
the tissue was considered to have no mutation. For samples showing band shifts. the PCR-SSCP
analvsis was repeated. In cases where different band shifts were detected in the cyteiogy and
corresponding paraffin-embedded szmples an additional paraffin block was selected. cut.
microdissected. and processed as ztove. Negative controls, paraffin-embedded cells that
contained no p33 mutation in the ex2n examined and a water control to replace the DNA. were
included in each analysis. Positive ¢:zirols for exons 5 to 9 (exon 3: SKBr3: exon6: T-"D: exon
7: colo 220DM: exon 8: MDA-MB-=-%: exon 9: SW480) were also included where appr>priate.
p33 sequencing: The abnormally shizd band was excised from the SSCP gel and the DNA was
eluted into water. The DNA was rezmplified by PCR using the same primers and =2 product
was run on a 2% agarose gel. Ths band was extracted using a QIAquick Gel Extrzction Kit

(QIAGEN, Chatsworth, CA). The purified DNA was sequenced using a ThermeSequenase
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radiolabelled terminator cvcle sequencing kit (Amersham Life Sciences. Cleveland. Ohio) and
the sense primer according to the manufacturer’s directions. followed by gel electrophoresis and
autoradiography. To confirm the mutation, the DNA product was resequenced using the
antisense primer. Negative controls were included in each analysis. Cell lines with known
mutations in exons 5 to 9 were also included where appropriate. Mutations were compared to

those mutations listed for breast cancer in a known p53 database (www.iarc.t p33) (22).

Statistical Analysis:
The associations between p33 gene alterations and clinical tumor variables were
examined using the Chi-square (%) or, where appropriate. Fisher’s exact test (23). Two-sided p-

values below 0.05 were considered to be statistically significant.

RESULTS

Histological review of the 31 surgically resected breast tumors showed that they
consisted of 29 infiltrating ductal carcinomas not otherwise specified. 1 invasive ductal
carcinoma with lobular features. and 1 mucinous carcinoma. DNA was successfully extractec
from all paraffin-embedded tumors.

Of 62 cvtology samples. DNA suitable for p33 sequencing was extracted from 34.
vielding an evaluable specimen in 87% of the cases. p33 gene mutations were detected in ten o2
the 54 cviology specimens (18.3%). As shown in table 2. these consisted of base pai:
substitutions and deletions. For 8 of these 10 aspirates. surgically resected breast tumor tissuz
was available for gene analvsis. All 8 cases showed identical p33 mutations in both the aspiratz

and the surgically resected tumor. A representative SSCP gel is shown in Figure 1 and the

associated sequencing gel is shown in Figure 1B.
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Other tvpes of p53 gene changes were found in five other aspirates. One aspirate had 2
gene alterations resulting in a total of six gene changes. As shown in table 3, five changes were
located in introns 6 or 9 and one was a silent change (no amino acid change) in exon 6. For two
of these 5 aspirates. surgically resected breast tumor tissue was available for gene analysis and
both of the cases showed i-dentical p53 gene changes in the aspirate and the surgically resected
tumor.

p33 polymorphisms were detected in nine aspirates (16.3%) and as shown in table 4 were
located in codon 47 (one aspirate). coden 72 (six aspirates) and codon 213 (two aspirates). For
seven of these 9 aspirates, surgically resected breast tumor tissue was available for gene analysis
and all seven cases showed identical p33 polymorphisms in both the aspirate and the surgically
resected tumor.

The clinical features and tumor characteristics were correlated with the p53 gene status
nd are summarized in Table 5. DNA suitable for p533 sequencing could be obtained from
aspirates of tumors of all three grades. The women whose tumors had a p53 mutation or an
intronic change or a silent change were grouped together for these analyses because of the small
~umbers. There was a significant correlation between a younger age (p=0.038) or larger tumor
size (p=0.046) with the presence of p33 gene alterations. There was no correlation between the
sresence ¢ estrogen (p=0.449) or progesterone (p=0.066) receptors or tumor grade (p=0.227)

and the presence of p33 gene alterations.

DISCUSSION
This study demonstrated that DNA can be extracted from ThinPrep® processed breast
FNAs. This is in keeping with the findings of other groups that have reported successful

extraction of RNA or DNA from ThinPrep® processed cytology specimens of breast and cervix

-

el
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(15-17). In addition. the current study showed that the extracted DNA was suitable for p53 gene
analysis by PCR-SSCP and seguencing. Using the protocol described above. the mutations
detected in exons 4 to 9 were identical to those found in the formalin fixed paraffin-embedded
surgically resected breast cancer when this tissue was available for analvsis. In contrast. studies
assessing p53 immunoreactivity in FNAs and formalin fixed paraftin-embedded tumors have
shown variable correlations ranging from 73.5% - 93.3% (24-26).

Recent studies have shown that gene alterations detected in paraffin-embedded tissue
may be artifacts induced by fixation or processing of surgical specimens (27.28). Several
precautionary steps were underiaken to minimize this possibility. The fidelity of the PCR
amplification of DNA extracted from paraffin can be markedly improved by prolonged
proteinase K digestion and using small DNA templates (29), so in this study the paratfin
extracted DNA was digested by proteinase K for at least 48 hours and the primers were chosen to
provide gene sequences of less than 300 base pairs in length. To ensure that the gene alterations
were not due to nucleotide substitutions as a result of Taqg DNA polymerase misincorporation. all
specimens that had an abnorma! SSCP underwent repeat PCR-SSCP to confirm that the change
was reproducible. Orly those szmples that showed similar changes on the repeat PCR-SSCP
were considered to have a seauence alteration, which was then confirmed by sequencing.
Furthermore. identical alterations were seen in the methanol tixed aspirates and in the
corresponding formalin fixed paraffin embedded surgically resected tumors. This would suggest
that the p33 alterations identified in this study were genuine.

p53 mutations were fourd in 18.5% of patients. This is within the frequency reported for
breast carcinoma in o:her series 18.9.30-34). The majority of changes reported for breast cancer

have been point mutations (221 and in our series eight of the ten mutations (80%) involved base
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pair substitutions. All mutations. except two (cytology specimens #7 and #13) have -een
prevously reported to occur in breast cancer as listed in a p33 database (22). Silent gene chazzes
werz detected in 1.9% of patients and this is similar tc the frequency (1.8%) reported by Bur=s et
al. (5). In the database examined. there was no report of the silent change observed at codor. 224
(cvtology specimen #36). A similar comparison could not be done for the intronic alteratons
beczuse the nucleotide position of these types of gens changes is not provided in the datatzse.
Coéon 47 in exon 4. codon 72 in exon 4 and codon 213 in exon 6 contained kn:wn
pol=morphisms in one. six, and two patients respectively (1.8%. 11.1% and 3.7% o7 the
patiznts). This is within the range determined for the normal population (33-37). As the
freczencies of mutations and polymorphisms are similar to those shown by others. this sugzests
that our methodology to detect pS3 gene changes is appropriate.

The presence of p33 alterations showed statistically significant associations with lzger
turmors and younger patient age. No significant association was seen between p33 alteratons
and tumor grade or the presence or absence of estrogen and progesterone receptors. Other stdies
exzmining the association between these ciinical variables and pS3 protein accumulation a=ior
mu-ztions have yielded inconsistent and ofien contlicting results. For example. CalefT: <= al.
fou=d that p53 mutations occurred in younger patients (38) but other studies have not four.Z an
ass-ciation between age and p33 status (3.39.40). The number of patients in the current rep::tis
szl and may have compromised the statistical power of the study to detect associations.

The use of residual cells from ThinPrep® rrocessed samples has several advan:zzes.
Firs-iv the fluid from ThinPrep® processing can be stored at 4°C for up to three months. rzIore
ex—-zcting the DNA. as observed in the present study. Secondly. as only the residual fizd is

nezded for analysis. the original diagnostic slides do not have to be used. Thirdly. in centrist to
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paratfin-embedded tissue which has to undergo proteinase K dizzstion for at least 48 hours
before DNA extraction. ThinPrep® processed aspirates can underzo DNA extraction the same
day it is obtained. However, there may also be disadvantages to using the residual material from
ThinPrep® processing. Not all cases have tumor cells remaining in the residual tluid and thus
DNA may not be available for analysis. In addition. if the aspirate contains numerous benign
cells admixed with the malignant cells mutations may be missed (20.21).

Immunohistochemical staining can be used to detect p33 rrotein accumulation in either
cvtological or surgical specimens (24-26) but the immunohistoc-emical results do not always
reflect the presence of underlyving genetic changes (33.34.41.22). For example. nonsense
mutations will not cause protein accumulation so these cells will be negative by
immunohistochemical staining. In keeping with this. the presence of p53 mutations in the breast
cancer was shown to be associated with decreased disease frez survival as well as overall
survival (5-9.31), but the presence of p33 protein detected immunchistochemically in the tumor
has not consistently been associated with a worse prognosis (7.8.42). As molecular analysis of
p33 may provide prognostic and treatment information for patier:s with breast cancer. ThinPrep
aspirate is a suitable alternative 1o the paraffin-embedded tissue < & source of cells for this type

of analysis in patients who will receive neoadjuvant chemotherapy or have unresectable tumours.

In summary. ThinPrepE processed breast fine needle aszizations provide DNA suitable

¢

for molecular analysis more rapidly than paraffin-embedded tissze. FNAs appear to be a reliable
source of cells to determine the p33 gene status, given that identcal alterations were detected in

both the cytology and surgical specimens examined in this study.
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TABLE 1. p53 PCR Primers and Cycling Conditions

=xon Primer-sense  (37-37) Product Cycling Parameters
-antisense (5°-37) Size
(bp)
4 ATCTACAGTCCCCCTTGCCG 296 30 cveles: 50 sec 21 95°C.
GCAACTGACCGTGCAAGTCA 30 sec at 55°C. 60 sec at 72°C
5 GCTGCCGTGTTCCAGTTGCT 294 30 cveles: 50 sec a1 95°C.
CCAGCCCTGTCGTCTCTCCA 30 sec at 58°C, 60 secat 72°C
6 GGCCTCTGATTCCTCAGTGA 199 30 cvcles: 50 sec 21 95°C.
GCCACTGACAACCACCCTTA 30secat 55°C. 60 secat 72°C
7 TGCCACAGGTCTCCCCAAGG 196 30 cveles: 30 sec 21 95°C.
AGTGTGCAGGGTGGCAAGTG 30 sec at 56°C. 6C:secat 72°C
8 CCTTACTGCCTCTTGCTICT 225 30 cvcles: 50 sec z: 95°C.
ATAACTGCACCCTTGGTCTC 50 sec at 35°C. 60 secat 72°C
9 GCCTCAGATTCACTTTTATCACC 152 30 cveles: 30 sec 21 95°C.

CTTTCCACTTGATAAGAGGTCCC

50 sec at 56°C. 60 sec at 72°C
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TABLE 2. Summary of p53 Mutations

Case Numbe- Sequence Amino-Acid
Surgical Cyizlogy Exon Codon Change Change
20 23 3 * del 23 bases
9 - 5 130 CoT Leu—Phe
10 3 3 175 G—A Arg—His
36 Al h 183 C-G Ser—>STOP
38 29 6 209 del 2 bases '
13 9 6 220 A-C Tyr—Ser
17 8 7 232 TG [le—Ser
34 A 7 248 G—-A Arg—Gln
NA 39 8 270 T-C Phe—Leu
NA 2 9 33 C-T GIn—»>STOP

*deletion (del) startir.z at nucleotide residue 13041 in intron 4 and involving codons in exon 5.

N A = Tissue not ava:iable
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TABLE 3. Summary of p33 Silent and Intronic Changes

Case Number Sequence  Am:no-Acid
Surgical Cytology Location Site Change C-ange

NA 36 Exon 6 Codon 224 G—A Gi.—Glu
NA 18 Intron 6 nr* 13449 G—C
NA 35 Intron 6 nr 13964 Del 1 base

8 35 Intron 6 nr 13964 Del 1 base

8 33 Intron 9 nr 14755 GoT

15 3 Intron 9 nr 14766 T-C

*nr=nucleotide residue

NA = Tissue not available

to




TABLE 4. Summary of pS3 polymorphisms

A Pollett

Case Number Sequence  Amino-Acid
Surgical Cytology Exon Codon Change Change
2 36 Exon 4 47 C—-T Pro—Ser
15 3 Exon 4 72 G—C Arg—Pro
NA 18 Exon 4 72 G—C Arg—Pro
38 29 Exon 4 72 G—C Arg—Pro
4 33 Exon 4 72 G—C Arg—Pro
2 36 Exon 4 72 G—C Arg—Pro
34 60 Exon 4 72 G—C Arg—Pro
NA 57 Exon 6 213 A—G Arg—Arg
31 39 Exon 6 213 A—=G Arg—Arg

NA = Tissue not available
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TABLE 5. Patient and Tumor Features

Features pS3 Status p-value
Wild Type  Altered”
Age
<40 4 2
40-55 3 7 0.038
56-70 6 1
>70 7 1
Tumor Size
<2 cm 6 3
2-5cm 14 5 0.046
>Scm 0 3
ER
+ 13 5 0.449
- 7 6
PR
+ 13 . 3 0.066
- 7 8
Grade
1 3 0
2 8 3 0.227
3 9 8

“Altered p33 status includes mutations. silent and intronic changes for surgically resected tumors.




A. Pollett

FIGURE LEGEND
Figure 1

A) A representative SSCP gel of p53 exon 7 PCR product from 3 cases and a negative
control (Control). S-16 (surgically resected breast cancer) shows no abnormality. The cytology
sample (C-38) and the corresponding paraffin-embedded surgical sample (S-17) show similar
band shifts (—). B) The sequencing gel for samples C-38 and S-17 shows a T—>G base

substitution (—). The wild type sequencing pattern (control) in the same region is also shown.




